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Executive summary 
This report examines the life-cycle costs of using various appliance-fuel combinations in low-
income households in urban South Africa. For cooking, water heating, space heating, lighting 
and refrigeration services, the life cycle costs faced by end-users are calculated. The present 
values of these are amortised to common bases, such as 10 useful Megajoules of energy for the 
thermal services (cooking, water and space heating), 1000 lumen-hours for lighting and Rands 
per day (for refrigeration). The estimates are ranked from lowest to highest cost. In estimating 
the life-cycle costs, some assumptions are made, and these, along with empirical price 
variations, are utilised in testing the sensitivity of the LCC to input variables. 
It is clear that the ranges of LCCs are broad, and in some instances extend to three times or more 
of the minimum of the range. In most instances the estimated range of LCCs does not provide 
incisive clarity as to which appliance/fuel combination will deliver the lowest priced energy 
service to the end-user. However, this reflects the reality of appliance and fuel combinations in 
use. Because the cost depends on a large ntirnber of parameters, not least, the behaviour of the 
end-user, there is much uncertainty as to which combinations will provide the least-cost service. 
Thus the compounding effect of many small variations in the parameters can result in large LCC 
variations. 
The conclusion that too much variation exists to make direct comparisons is fortunately not the 
rule. To simplify analysis, the mid-point of price ranges was used. On this basis, some 
appliance-fuel combinations provide services distinctly cheaper than others. Lighting and 
refrigeration are services where grid electricity will provide services at considerably lower cost 
than with all other competitive commercial fuel and appliance combinations. Similarly, a clear 
conclusion can be drawn from the range of LCCs describing water heaters, where integral solar 
water heaters have significantly lower LCCs than all others. But despite the low LCC at which 
the integral solar water heater provides the water heating service, the quality of the service 
cannot be realistically compared with the provision of hot water on demand. A second best 
could be either a solid fuel stove with a water jacket or a solar I electric water heater, which uses 
electricity to top up the solar shortfall and provide hot water on demand. 
The comparisons of levels of service with respect to water heating is one methodological 
question that needs to be considered when policy is developed, but a similar questions can be 
raised about the LCC methodology when applied to lighting. Will, for example, end-users be 
making choices on the basis of lumens when choosing lighting, or will any light source be 
adequate regardless of its quality? If the latter is closer to the end-users' reality, then a candle 
may provide a lower cost lighting source than the electric lamp. Such observations may provide 
some insight into the slower than anticipated movement towards electrical saturation of low-
income household energy services. 
Amongst the thermal energy services, uncertainty about the lowest priced option is greater since 
LCCs are confined within a comparatively narrow range compared, to say, the lighting LCCs. It 
is apparent that unless solid fuels are available, cheap and clean, the possibility to meet energy 
service needs could feasibly be any one of the electrical, gas or paraffin options. Though what 
has not been factored in are the externalities that can affect health negatively through bums, 
indoor and outdoor pollution, fires. 
The main conclusions which can be drawn from the financial cost analysis are the following. 
The least-cost financial cost options for fulfilling the energy services are: 
• coal stoves for cooking; 
• heat-pumps (for multi-family dwellings and commercial buildings) and coal stoves for 
space heating; 
• integral solar water heaters for water heating; 
• 18W compact fluorescents for lighting; and 
• electric fridges and freezers for refrigeration. 
The outcome of this life-cycle costing exercise should ideally be used to develop a least-cost mix 
of options from a national economic perspective. 
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The sensitivity of the national average LCCs for cooking fuels and appliances are tested by 
varying fuel price, appliance price, energy efficiency, durability and real discount rates 
independently. As fuel price, appliance price, and discount rates increase, so do the LCCs. When 
energy efficiency and durability increase, the trend is one of decreasing LCCs The sensitivity is 
linked to the proportional contributions to the total LCC of the operational and appliance price 
components and the breadth of the ranges being tested. For example, gas rings for cooking have 
a LCC which is almost entirely made up of operational costs. So there is little sensitivity to 
appliance price, appliance durability and the discount rate, but high sensitivity to energy 
efficiency and fuel price. 
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1 
Introduction 
The work contained in this report constitutes part of the research programme entitled ' Energy 
effidency equity and environment: improving access to energy services for the urban poor of 
South Africa~ The paper aims to provide a robust assessment of the cost implications for 
households of various appliance-fuel combinations in meeting basic energy needs in low-
income urban South Africa in 1996. This report is one of several being produced in this phase of 
the project, and follows several reports published earlier (Thome 1996, Simmonds 1996, 
Mammon 1996). 
This report provides estimates of the financial life-cycle costs of different fuel and appliance 
combinations and ranks them from lowest to highest cost. This is a necessary step for purposes 
of developing a least cost energy plan. Based on the savings potential that will accrue to end-
users, the .national economy and other stakeholders, a selection of urban demand-side 
management (DSM) options can be selected and costed and policy instruments designed to 
achieve lower cost energy services. 
The main output of the paper is the presentation of life-cycle cost estimates and sensitivity 
analyses. Before listing these, the methodologies used in their estimation are discussed in 
Chapter 2, which also identifies data sources. Chapter 3 summarises the estimated costs of 
fulfilling basic energy services, estimating the life-cycle cost (or financial cost) of the fuel and 
appliance combinations. Sensitivity to assumptions and variables are tested in Chapter 4. The 
final chapter, Chapter 5, draws some conclusions, without pre-empting future phases in the 
project which will identify the costs and benefits of selected least-cost energy services and 
strategies to approach them. 
The paper has been kept as readable as possible; the large amounts of data and calculations 
involved in estimating the costs are presented as figures and tables in the body of the text, and 
the details supporting the results can be found in the appendices. 
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2 
Methodological approach to estimating the financial 
costs of energy services in urban South Africa 
2. 1 Introduction 
2 
An important policy goal for government is to determine the economic least-cost mix of energy 
services and to design appropriate policy instruments to achieve this mix. In support of this 
goal, this paper sets out to evaluate the financial costs to end-users under the status quo. This 
chapter briefly discusses the life-cycle assessment and costing methodologies and sources of 
data . The specific methodological steps taken and detailed calculations of estimating the cost of 
energy services are included in Appendices A to F; the questionnaires and the raw data 
acquired during the appliance cost surveys are in Appendices G and H. 
Calculations of costs are based on available prices and costs, such as appliance life-spans, 
energy transformation efficiencies, average power output of, for example, stoves and heaters 
during their operational lives, and so on. As there are gaps in current data on energy services, 
particularly appliance costs, the project included a short primary data collection phase. 
2.2 Methodologies 
In introducing the selected methodologies utilised in this paper, it is necessary to discuss some 
of the more popular methodologies applied to the estimation of costs associated with the supply 
and / or use of fuels and appliances. These methodologies, although initially applied to the 
energy supply industry, are not exclusively confined to energy applications, but have generic 
applications to products and processes, and are used increasingly as management and 
accounting tools in industrialised countries. 
The life-cycle assessment (LCA) and the life-cycle cost (LCC) estimate are the central focus . 
Other life-cycle tools are: life-cycle accounting, analysis, design, inventories, management, and 
review (LCA Source Book 1993: 112). 
Product life-cycles can be organised into the following stages: 
o raw material acquisition; 
o bulk material processing; 
o engineering and speciality materials production; 
o manufacturing and assembly; 
o use and service; 
retirement; and 
o disposal (EPA 1993: 13). 
The present study is primarily directed to the product use and service stage. 
2.2. 1 Life-cycle assessment 
Life-cycle thinking and techniques can be applied to products, processes or systems in various 
ways. The most all-encompassing approach used in evaluating the implications of the products 
and processes is life-cycle assessment. This is the overall process of assessing the life-cycle 
impacts associated with a system, function, product or service (LCA Source Book 1993: 111). 
Described in another way, LCA is one of the tools used to examine the economic and 
environmental cradle-to-grave consequences of making and using products or providing 
services (SETAC 1993). 
The LCA comprises a range of techniques promoted on the basis that they can help to assess a 
product's life-cycle economic costs (abbreviated to LCA econ), social costs (LCA soc) or 
environmental costs (LCA env) · Such analysis is often referred to as looking at the 'cradle-to-
grave' impacts of products or systems (LCA Source Book 1993: 15). 
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The LCC estimate must be contrasted with the LCA and a life-cycle cost inventory (LCI). There 
are numerous tools that can be applied to the assessment of life-cycle costs and numerous 
perspectives from which they can be applied. For example, the suppliers' perspective could be 
explained as follows: 
[A] company may investigate the life-cycle cost of its products, for example, hoping to cut 
them - or to prove to customers that the high initial purchase cost will be offset by lower 
overall life-cycle costs. (LCA Source Book 1993: 15) 
LCA typically includes four phases: initiation, inventory, impact assessment and improvement. 
These phases are called the four 'Is' of LCA, which are expanded as follows: 
1. the initiation phase- scoping a process to define the problem and establish the LCI and LCA 
objectives; 
2. the inventory phase - which provides a detailed picture of the raw material, energy (and 
water) inputs, used by the system- and of the solid, liquid and gaseous wastes produced as 
outputs; 
3. the impact assessment phase - linking inventoried inputs and outputs to real world 
environmental problems); and 
4. the improvement phase - focusing on changes to the system to improve its overall 
environmental performance. 
It is in the inventory stage where the system boundary is considered. In this respect (as well as 
in others) the LCA differs from the LCC estimate, which is used in this paper . The LCC is 
exclusively interested in the end-users' perspective, whose system boundary differs from that of 
the product or service supplier. The LCC could therefore be considered as a component of LCA. 
2.2.2 End-user perspectives on life-cycle costs 
An essential part of the end-use oriented approach is the use of economic analysis 
techniques that allow for a rational comparison among supply, end-use efficiency, and 
energy alternatives. In the present conventional approach, supply expansion, energy 
efficiency, improvement and renewable alternatives are planned and implemented by 
different government agencies using varied and inconsistent economic criteria. The 
budgets for these activities are determined independently, largely according to fashion or 
for political reasons. This, together with energy subsidies, market imperfections, and 
institutional obstacles, leads to gross misallocation of resources. (Asian Development 
Bank 1994: 196) 
The initial step in estini.ating the costs of appliance-fuel combinations is to select the most 
appropriate method to estimate the cost to end-users. The method must also provide cost 
estimates that will facilitate comparisons between different fuel and appliance combinations. 
A simple approach to comparing the effectiveness of an appliance and fuel combination is the 
simple payback period (SPP): 
SPP =cost of conservation measure/ {(annual energy savings)*(unit price of energy)} 
The investment is considered cost effective if the SPP is small- smaller, say, than three to four 
years. 
This indicator has many drawbacks in that: 
• it does not take account of the time value of money; 
it does not consider the useful life of the conservation measure; 
• it does not compare the conservation measure with alternative investment opportunities 
open to the end-user; 
it omits the environmental costs of energy provision; 
it masks the tax and subsidy influences on the price of energy; and 
• it cannot be used for direct investment comparisons even for end-users, as the lower SPP 
does not necessarily imply the better investment (Asian Development Bank 1994: 196). 
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Alternative assessments of cost include the Internal Rate of Return (IRR), Cost of Saved Energy 
(CSE) (also referred to as the Cost of Conserved Energy (CCE) (Gadgil & Januzzi 1992), Net 
Present Value (NPV), Life-Cycle Cost (LCC), and Annualised/ Amortised Life-cycle Cost (ALC). 
The SPP, IRR and CSE (CCE) can only be used to make comparisons between two or more 
altematives.1 The ALC provides a common time base for comparison (something that the LCC 
does not). The ALC, while providing a measure by which a number of options providing identical 
classes of services can be compared, cannot be used to compare different energy services, like 
lighting and refrigeration. 
The financial analyses have limitations which include foreign exchange implications, the cost of 
institutional changes, the cost of environmental and/ or social impacts, employment consequences 
and the quality or convenience of the different energy services (Asian Development Bank 1994: 
196-202). 
In conclusion, the ALC indicator is used to measure and rarlk the comparative prices of the 
differing fuel and appliance combinations. In this paper the basis is not time, but rather the price 
per unit of the energy service (the exception here being the case of refrigeration). These 
comparative life-cycle costs per unit of service are referred to as LCCs. The step-by-step calculation 
is included in Appendix A 
2.2.3 The life-cycle cost estimate 
The aim of the life-cycle costing exercise in this report is to estimate the cost of fulfilling energy 
services within the household in different urban centres in South Africa. The cost estimates are 
based on secondary and primary data, the former compiled by Simmonds and Mammon (1996) 
on a city-by-city basis, and the latter gathered as part of this study. The paper ranks the costs of 
the services in order to reveal where the largest savings can be affected. 
The costs which are included in the LCC estimate are financial prices (purchase prices, costs of 
capital, etc.) of appliances and fuels. These prices include taxes, subsidies, and other transfers 
within the economy, but exclude social costs or costs to the environment (CO-u NO"' SO"' and 
other emissions), health related costs (morbidity and mortality, poisonings and bums), fires, 
explosions, and so on. In an economic analysis, on the other hand, taxes and other transfers 
would be excluded, whilst social and environmental externalities would be included in the 
assessments. 
Fuels/energy sources under consideration in this study are electricity, petroleum fuels (paraffin, 
liquefied petroleum gas (LPG) and candles), coal, wood, and solar. Appliances for cooking, 
water- and space-heating, lighting and refrigeration are likewise casted. Where this data could 
not be sourced for the So.uth African context, comparable figures from elsewhere are utilised for 
approximations - the energy consumption of refrigerators on the South African market is just 
such a data gap, although projects are currently being undertaken which assess the energy 
performance of locally available refrigerators, freezers and combinations of these. 
The end-users' costs are those experienced by end-users, as distinct from suppliers or the economy 
as a whole. They see only the direct financial costs of energy services; however, some of the costs 
which cover immediate externalities could be considered to be indirectly captured through taxes 
levied outside of the energy service arena. For example, income taxes are one way in which 
costs related to health problems amongst household members breathing polluted air can be 
captured. At the very least, the costs experienced by the user will include the price paid for the 
appliance and fuel. The life-cycle cost varies as: 
• prices paid by consumers for fuels vary from one part of South Africa to another; 
• efficiencies of the fuel and appliance combinations vary; 
there are ranges of retail cash and hire purchase prices paid for appliances; and 
the time that each appliance is in use each day differs from household to household . 
The maxima and minima of each of these parameters are included in estimating the range within 
which the LCC is most likely to fall. Assumptions included in calculations are: 
It is likely that some of these measures may be used in the next phase of work, where comparisons 
are required to inform policy. 
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the durability of the appliance (in operative hours); 
an average power estimate (units of fuel per operative hour); 
a real discount rate (the rate may change if fuel switching is suggested in strategies). Rate 
changes are as a result of risks ass.ociated with the switch (Hasset & Metcalf 1993; 
Awerbuch & Deeham 1995); · 
the distribution of the cost of gaining access to an energy service (such as the cost of an 
electricity connection); 
the division of the costs of electrical connections and solid fuel stoves between the 
different energy services- for example, 15-25'Yo of the cost of the coal stove is attributed to 
space-heating; and 
the maintenance costs of appliances (these are assumed to be between 10 and 20% of the 
initial price of the appliance. 
For the sake of simplicity, the mid-points of these variables are utilised in estimations of LCCs. The 
LCC's sensitivity to assumptions and variables that exhibit ranges is tested and reflected in 
Chapter 4. All costs are in 1996 Rands; where figures from previous years had to be used, these 
were brought forward to the 1996 baseline using consumer price indices for the intervening 
years. 
2.3 Sources of data 
The information required to produce LCC estimates includes: the retail price of fuels and 
appliances, the cost of finance, efficiency I efficacy of appliances, hours each year the appliance is in 
use, durability and maintenance requirements. With the exception of operational hours per year, 
durability and maintenance costs, these figures were obtained either through primary research 
undertaken as part of this study or from secondary data sources. Where gaps exist, assumptions 
are made. 
A short primary research phase aimed at identifying the current price of the most popular 
appliances and the cost of purchasing these on hire purchase terms was undertaken (the 
questionnaire used, and the raw data are included in Appendices G and H respectively). 
Sources of price data include the DMEA database. Appliance information is sourced from 
suppliers, manufacturers and the South African Bureau of Standards. As a last resort the 
recommended retail price and the product specifications are used as a basis for estimates. 
Specifications and test data are likely to belie the performance of appliances in situ, and as such 
remain a last resort. Th~ cost of fuels is sourced from the parallel work of Simmonds and 
Mammon (1996) which synthesises much secondary data - notably on fuel consumption and 
prices in Johannesburg, Durban, Port Elizabeth and Cape Town. 
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3 
Life-cycle costs of appliance-fuel combinations 
3. 1 Introduction 
This chapter summarises the life-cycle costs of appliance and fuel combinations commonly used 
to fulfil domestic energy services in low-income urban South African homes. The services 
considered include cooking, water-heating and space-heating, lighting and refrigeration. The 
areas considered are the Johannesburg, Port Elizabeth, Durban and Cape Town metropolitan 
areas, the data is also aggregated to provide a national average for comparative purposes. The 
data are, where possible, presented in a graphic form in the text, with more detail on the steps 
taken in the estimation of the LCCs given in Appendices B to F. The LCCs are based on: 
prices of appliances; 
prices of fuels; 
hire-purchase charges (where relevant); 
discount rates; 
escalation in the prices; 
efficiencies of transformation of the fuel/ energy source in the appliance; and 
fuel use per unit of operational time. 
The sources of data include both secondary and primary research, technical specifications and 
best approximations. The fuel costs are taken from reports compiled within the last two to three 
years. These reports, by and large, each focus on a specific urban area in South Africa. In some 
instances, the prices were brought forward to 1996 values using appropriate price indices 
(Simmonds & Mammon 1996). The appliance data were gathered in Cape Town in a process 
designed specifically to inform this project (the questionnaire used for this process is included 
as Appendix G). The range of appliance costs include the price paid under hire-purchase 
agreements? Conversion efficiency information is drawn from literature surveys. Finally, details 
of the fuels used per operational unit of time are informed by appliance specifications and 
secondary data. 
3.2 Fuel prices 
The fuels used in the life-cycle estimates are priced in the various urban centres . These prices 
are listed below and include value added tax. 
Hire-purchase agreements are most commonly concluded over a 12-21 month period at a rate 
between 28 and 31%. The lowest cost of appliances is the cash price; in contrast the highest price 
includes a 31% interest rate and payment over a 21 month period. 
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Fuel type Price by area (*indicates that no data was available) 
Johannesburg1 Port Elizabeth2 Durban3 Cape Town4 
min mid ~ max min mid max min mid max min mid ~ max 
Electricity (c/kWh) 19.49 23 1 26.84 20.05 23 26.84 24.17 25.5 26.84 22.86 25 26.84 
Connection costs 
(include deposits) 550 ! 300 50 85 ! 68 50 142.5 96.3 50 350.48 200.2 50 
Loose candles (c) 50 . 48 50 54 35 50 65 
Packet 252 . . . . . . . 
Paraffin (A/litre) 1.67 1.48 1.75 2.02 1.40 1.53 1.66 1.04 i 1.27 i 1.50 
Coal (R/kg) 0.23 . . 0.50 ! 0.53! 0.55 
Gas (R/kg) 3.78 3.6 4.25 4.89 2.45 2.8 3.15 1.66 i 2.66 i 3.66 
Dry batterie$ (R) 
PM9 7.68 . . 6.99 
PM10 10.92 . . . 
TP9 7.92 . . . 
PP10 16.99 . . . 
PP30 . . . 19.99 
R20PP 1.40 . . . 
R6PP . . . 1.22 
Car batteries per 5.29 . 4.65 5.46 6.26 5.00 
charge for 12 volt 
battery (Rands) 
Wood (kg) . . 0 0.73 1.46 0.43 i 0.44 i 0.45 
Notes 
1. These are draft figures for a study being completed by the Palmer Development Group. Information is for an area 
about 160 km north-east of Pretoria. 
2. Electricity, coal, paraffin and LPG prices are taken from SA Energy Statistics (1996). 
3. Electricity prices are taken from SA Energy Statistics (1996) and other fuel prices are taken from Hoets and 
Golding (1992) and updated to 19951evels using the CPl. 
4. Paraffin, LPG, vehicle battery, dry battery and candle prices are taken from Mehlwana and Qase (1996). The 
electricity price is taken from SA Energy Statistics (1996). Coal and wood prices are taken from Cape Coal (Pty) 
Ltd (1996). The price ranges for coal and wood are based on collected versus delivered prices. Coal is sold in 40 
kg bags for between R20.00 and R22.00, while wood is sold in 20 kg bags for between R8.50 and R9.00. 
TABLE 3.1 Fuel prices in various urban centres of South Africa 
Source: Simmonds and Mammon (1996) 
These prices include 14% VAT but, in the case of gas, do not include the price of the larger LPG 
bottles as, technically, these remain assets of gas companies (the price of servicing the bottles is 
included in the price of gas) (SAPIA 1996). Similarly, the costs of electrical infrastructure and 
services which are not paid for in the price per unit are included in estimates. LPG bottles cost 
the following: 
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Gas bottles' Quantity of LPG (kg) Quantity of energy Lowest price 
numbers (watt-hours) (excl. vat) 
3 1.4 90 123 
7 3.4 111 136.8 
10 4.5 123 167.6 
13 9 246 228* 
larger 85.5 (deposit) 
• Only one source of data was obtained for the no. 13 bottle price and the larger bottle deposits. 
TABLE 3.2 The maximum and minimum price of LPG bottles 
Source: Gas Master and Bel/star (1996) 









The LCC estimates can, and should, be provided as a range. Such a depiction is most realistic, as 
there are many influences on efficiency of energy transformation, prices of fuels and appliances, 
size and quality of pots etc., which are the reality of meeting energy service requirements. The 
prices of fuels which are unregulated (such as LPG, wood and coal) can vary from distributor to 
distributor. For example, LPG in Cape Town is recorded as being priced between Rl.66 and 
R3.66 per kg. Likewise the price of wood can vary considerably from that collected at no 
financial cost to the end-user, to bundles purchased at a cafe or garage. Because of the dual 
economies of wood, it has been suggested that wood stoves and open fires be excluded from the 
comparison with other fuels in this paper. 
To illustrate the ranges of LCCs, Figure 3.1 shows the LCC range for cooking appliance and fuel 




















FIGURE 3.1 The range of LCCs for cooking fuel and appliances in Cape Town 
Orange 
•minimum 
Figure 3.1 while demonstrating the LCC realities provides little information for comparative 
purposes. To sharpen the estimates of costs for comparative purposes, the methodology 
employed utilises an arithmetic mid-point in the price ranges and efficiency for the calculation 
of the metropolitan areas and the national average. The ranges are reflected in the sensitivity 
analyses included in Chapter 4. 
Assumptions and parameters which contribute to the range of prices for fuels and appliances 
are listed and discussed below. 
1 Discount rates and price escalation 
A constant real discount rate of 10% has been used. No price escalation have been assumed, so 
that the real prices of all appliances and fuels have remained constant relative to each other. 
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Similarly there is a zero increase in the escalation of operation and maintenance of appliances 
included in the LCCs. 
2 Prices 
Where required, prices are brought to a common 1996 base using the overall consumer price 
index. The CPI applies to all items purchased by low-income households, and is as follows: 
1993: 8.6%; 1994: 8.7'Yo; and 1995: 8.78% (Central Statistical Services 1995). 
3 Maintenance 
Similarly, there are insufficient empirical data on maintenance costs. Where such data are not 
available in the literature, an estimate of between 10% and 20% of the initial purchase price of 
the appliance is used to reflect these costs. 
4 Replacements of parts of appliances 
The costs of replacing all or part of an appliance or the infrastructure connecting the household 
to the electrical network should be incorporated in the LCCs. For simplicity, appliance 
replacements costs are considered to be part of the maintenance costs, whereas the present 
value of the replacements of the electrical connection are added to the LCCs separately. In cases 
where significant replacement costs are planned for such things as bladders for integral solar 
water heaters, batteries for photovoltaic systems, fluorescent bulbs (without the ballasts), these 
are factored in over and above the maintenance value through a replacement component in the 
LCCs. 
The replacement costs of electrical reticulation are estimated over a 30-year lifespan. 
5 Power factors 
To complete a life-cycle cost estimate, a further assumption is needed- the average amount of 
energy consumed per hour of operation. To overcome the dearth of empirical data, 'power 
factors' were assumed for each appliance/fuel combination, where they could not be drawn 
from Electro wise (n.d.) data and other sources. 
6 Hire-purchase 
Hire-purchase costs are added to the high end of the appliance price range. The highest 
recorded increment is based on finance charges at 31% over a 21 month repayment period. This 
would typically result in an additional 47% increase to the price of the appliance. While the 
increment should be added on a monthly basis over the first 21 months after purchase, the cost 
estimate calculation instead adds 47% to the high end of the appliance price range (for larger 
appliances which are likely to be purchased on terms) to reflect the cost of financing the hire-
purchase in addition to purchase price. 
7 Connection cost and multi-utility appliances 
In considering the connection and service costs of electricity, a question arises as to how this cost 
should be divided amongst the different energy services for which electricity could be used. A 
similar question arises when considering multi-utility appliances such as solid fuel stoves. This 
could be addressed by using one of the following methods: 
apportioning costs to the services in a ratio accorded to the proportion of electrical energy 
used; 
apportioning costs (in the case of electricity connection costs) in a ratio accorded to the 
power demanded by the different energy services; and 
using the 'power factor' and 'hours per day' ranges for each of the appliance / fuel 
combinations to calculate electrical energy consumption proportions. 
Through the reconstruction of energy use utilising end-use survey data (Simmonds & Mammon 
1996), the consumption and demand for the different fuels can be estimated. For electricity 
connection costs, the demand estimates are utilised (as the sizing of the infrastructure is 
designed with reference to after diversity maximum demand) . For solid fuel stoves, the energy 
consumption for the different services are used to disaggregate the costs between end-uses. 
The disaggregation of these costs has been estimated in accordance with delivered energy 
consumption ranges and is as follows: 
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Energy service Electrification Coal/wood stoves 
Cooking 25 to 30 20 to 40 
Space-heating 15 to 20 20 to 40 
Water-heating (for 35 to 45 (0.15 to 30 to 50 
solar/elec. heaters) 0.25) 
Lighting 5 to 10 -
Refrigeration 5 to 10 -
TABLE 3.3 The percentage division of multiple utilities to different energy services 
Source: estimates drawn from Simmonds and Mammon (1996) 
8 Space heating seasons 
10 
In the calculations of the space-heating LCCs it is necessary to provide a space-heating season. 
For the sake of the calculations these are estimated for the 'min', 'mid' and 'max' scenarios to be 
2, 3 and 4 months for Durban, and 4, 5 and 6 for the remaining three cities. 
9 Othercosts 
As the LCC estimates are undertaken from an end-use perspective, all costs reflected in the 
calculations include taxes . This additional cost would not be included if a national economic or 
societal perspective was taken, however; in such an instance, other costs which impact on 
society, like environmental costs, would need to be reflected. For the present, no adjustment has 
been made for these items. 
3.4 Life-cycle cost estimates of energy services 
The LCC estimates for cooking, water- and space-heating, lighting and refrigeration which 
follow are provided for a national average and then disaggregated to show the differences 
between Johannesburg, Durban, Port Elizabeth and Cape Town. The estimates of cost are 
expressed as follows: 
for thermal energy services: Rands per unit of useful energy; 
for lighting: Rands per 1000 lumenhours;. 
for refrigeration: Rands per litre (normalised for a 200 litre fridge / freezer) . 
Detailed calculations are included in Appendices B to F. The LCCs are arranged in ascending 
order to facilitate easy identification of financial cost rankings . For purposes of this ranking, the 
Johannesburg LCCs are used as the sorting costs. 
3.4. 1 Cooking 
The range of appliances considered are those using electricity, paraffin, LPG, wood, and coal. 
The prices of these fuels vary from city to city, and in some instances so do the prices of 
appliances (good examples are coal stoves) . However, appliance prices are maintained constant 
for each urban area . 
The classes of cooking appliances considered include: 
top cookers: electric hot plates; 
gas and paraffin cookers; 
solid fuel stoves; 
• electric and gas ovens; and 
• microwave ovens. 
Within each of these classes of cooking appliances there are sub-classes . Sub-class distinctions 
are necessary to define so as to be able to provide justifiable comparisons. For example, the 
energy performance of a large oven will be different from that of a small oven because of the 
heated surface area-to-volume ratio. (In general, South Africa ovens appear to be oversized for 
daily services.) Likewise, pressurised paraffin cookers primus will display a different 
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performance pattern when compared with a wick cooker. For the sake of simplicity, many of the 
sub-classes are aggregated into the broader categories mentioned above. The quality of service 
is assumed to be equivalent across the appliance range. 
The prices of appliances utilised in the LCC estimates are listed in the table below. This data 
was collected in Cape Town using the questionnaire in Appendix G which captured the raw 
data appended in Appendix H . 
Class of cookers Lowest price (excl. vat) Highest price (excl. vat) 
Top cookers: electric hot 109 Pineware 1021 395.9 Philips 
plates 
Gas cookers 25 cooker top and 55 cooker top and No. 13 
No.3 bottle bottle 
Paraffin cookers (wick) 23 Flame single 221 Beatrice 
Paraffin cookers (pressure) 64 local primus 221 imported Primus 
Solid fuel stoves (cast iron) 1 516 Falkirk Dover No. 3 071 Falkirk Dover No. 88 
6 smokeless 
Brazier and 3-stone fire 0 0 
Electric ovens 1 399 Estia 3 921 Defy 131 
Gas ovens 690 . 3 675 . 
Microwave ovens 639 Daiwoo 60s 3 821 Sharp R851 
TABLE 3.4 Cooking appliances and their prices 
Sources: Various appliance retailers and wholesalers (see Appendices 8 to E) 
The LCC estimates are best described graphically. The national average LCCs for cooking are 
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FIGURE 3.2 National average LCC estimates for cooking 
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Figure 3.2 shows the life-cycle estimates for cooking for the middle of all ranges for an aggregate 
value of all four urban areas. Figure 3.3 shows the regional variations in LCC for the different 
metropolitan areas. The ranking is from lowest to highest cost for Johannesburg. 
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FIGURE 3.3 Life-cycle cost estimates of cooking 
Predictably the lowest LCCs are those for coal-burning appliances. The coal based cooking 
LCCs are followed by the electrical hot-plates and gas rings. It is apparent that gas is expensive 
in Johannesburg, where the LCC is considerably higher than Durban and Cape Town. In these 
cities gas rings are cheaper to use than in Port Elizabeth and Johannesburg where electric hot-
plates would appear to be a better option. 
The LCCs of the electric and gas stoves and ovens are jeopardised by comparatively high first-
costs. The high LCC of the micro-wave could be attributed to the low utilisation time per annum 
in relation to a high capital cost. 
The LCC regional variations are most apparent in the case of coal (between Johannesburg and 
Durban) and shows the lowest variation in the case of electrical appliances. 
3.4.2 Space-heating 
There are a variety of classes of space-heaters considered in this section: 
electric, gas and paraffin radiant heaters; 
electric fan and convection (finned) heaters 
electric heat-pumps; 
• solid fuel appliances without chimneys; and 
solid fuel appliances with chimneys. 
Not considered are passive design features which could mitigate heating requirements or 
replace them entirely in some of South Africa's climatic zones. 
Space-heating is a complex issue as it is a service often incidentally derived from other energy 
services, such as cooking or water-heating. In fact, a large proportion of the thermal energy 
involved in providing these services will end up as space heat. Sometimes this is a benefit, while 
at other times it is not - for example, during hot periods of the year. The range of contribution to 
space-heating of, for example solid fuel stoves, is estimated in the life-cycle estimates. The life-
cycle estimates illustrated below consider only the benefits of space-heating during a 4-6 month 
(2-4 month in the case of Durban) annual heating season. The multi-utility feature of cooking 
appliances is most notable for appliances such as coal stoves, which in winter are also heavily 
relied on as space-heaters. 
In South Africa, electric space-heating appears to be of increasing concern for the electricity 
supply industry, which experiences annual peak demands coinciding with the coldest evenings 
of the year. This trend will undoubtedly be exacerbated as access to electricity increases. 
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The LCC estimates for the different classes of space-heating appliance/fuel combinations in the 
various urban areas are illustrated below. Detailed spreadsheets of the data behind these 
calculations are presented in Appendices B to F. Table 3.5 is a list of common space-heaters and 
their prices. 
Class of space heaters Lowest price (excl. vat) Highest price (excl. vat) 
Electric 
Radiant heaters 40 Nu world 800 watts 278 De Longhi 
Oil-filled heaters 229 Saisho 9 fin 836 MCE 11 fin 
Fan/blower heaters 149 De Longhi 219 De Longhi 
Gas heaters 124 Sa fire 647 Bosch Rollabout 
Paraffin heaters 20 Rondowick 50 Rondowick 
Electric heat-pumps 6 000 . 8 000 . 
Solid fuel appliances without 0 self-made 0 self-made 
chimneys (brazier) 
Solid fuel appliances with 714 Falkirk Queen Anne 3 502 Falkirk Dover No. 88 
chimneys smokeless 
TABLE 3.5 Space heaters and their prices 
Figure 3.4 illustrates the national average LCC for space-heating. 
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FIGURE 3.4 National average LCC estimates for space-heating 
Figure 3.5 shows the fuels and appliances used for domestic space heating in the four urban 
areas. 
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FIGURE 3.5 The life-cycle cost estimates of space heating 
• Johannesburg 




The lowest financial cost incurred by users to meet their space heating needs is associated with 
the use of electric heat pumps, coal and wood. The lowest cost is the heat pump followed by the 
coal brazier which, though cheap, is extremely smoky. Both coal and wood burned in this 
manner would emit almost all their heat to space-heating, but the crude 'appliance' does not 
have a chimney. In the present LCC analysis these negative externalities are not reflected, but 
their consideration could, in principle, lead to a different ranking of options. 
After the solid fuels, the electric heat pump provides a good option, but heat pump applications 
are currently limited to locations where large space-heating loads are desirable. Applications of 
this technology, which is very costly in first-cost terms, would be limited to multi-family 
dwellings (such as hostels) or commercial buildings. 
Paraffin heaters appear to be a good option before the other electric heaters, and gas is the most 
costly. In almost all cases, the LCCs in Durban are higher than elsewhere because of the shorter 
heating season. 
3.4.3 Water-heating 
Water heating is the last of the thermal energy services to be considered. This service can be 
provided using the following classes of water-heating systems: 
electric hot-water storage geysers; 
solar I electric hot-water storage geysers; 
solar-only hot water geysers; 
electric and gas in-line instantaneous water heaters; 
water heating using solid fuel stoves with a hot water jacket; and 
water heating in a pot on an electric, paraffin, coal, wood, or gas cooker. 
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Class of water heaters Lowest price (excl. vat) Highest price (excl. vat) 
('includes installation costs) ('includes installation costs) 
Electric hot water storage heaters 1 117 Kwikot ("sinkhot") 2 309 Kwikot 2001 100 kPA 
1001, 100 kPA 
Gas hot water storage geyser 4 800 Valiant 1901 (8.2 5 000 Valiant 2201 (8.6 kW) 
kW) 
Solar/electric hot water geysers 4 676. Sol Energy 2001 6 195. Mikado 2001 (3 kW) 
200 kPA 
Solar only hot water heaters 482. Sol Energy 1 001 1 234. Sol Energy 1 001 
Electric in-line water heaters 820.8 AEG MT 60 5.75 1 098 AEG DD L T 18/21 kW, 
kW 3.1 1/min 10.51/min 
Gas in-line water heaters 1 117 Junker 51/min 2 849 Valiant 275 10 1/min 
Solid fuel heater with water jacket 1 835 Falkirk Union No. 9 3 406 Falkirk Dover 88 
and high pressure boiler 
Heating in pot on electric, coal etc. see 
cooking 
above 
TABLE 3.6 Water heaters and their prices 




:E 1.5 0 
<n 
'0 




C> :.,_ .. -
I~ <.> "' ~8 
J: > ;: 
* U) 
.. <.> ~~ t~ .. "' l@ 15 c: .~ " .~ "' a.: ~ Qj .. C> .. .. ~ C> :.. "' C> C> " !!! ~[ E "' "" a. a. 
FueUappliance mix 
FIGURE 3.6 National average LCC of water heaters 
The LCC estimates for the different classes of water-heating appliance/fuel combinations in the 
various urban areas are illustrated below in Figure 3.7. Detailed calculations behind this figure 
are in Appendices B to F. 
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FIGURE 3.7 The life-cycle cost estimates of water heating 
• Johannesburg 




The lowest cost option for water-heating is the integral solar water heater. However, it is 
perhaps unfair to compare this class of heater with other water-heating systems because hot 
water will not always be available on demand. This is similarly the case for the second-lowest 
option, the water jacket (with high pressure boiler) on the coal stove, which is in a similar class 
to the integral solar water heater in that a fire would have to be ignited prior to the water being 
heated and this may take some time - in other words a coal stove also does not provide hot 
water on demand . 
Next is the solar I electric water-heater which tops up the solar energy shortfall with electricity, 
combining the best of cheap solar energy and hot water on demand . Solar electric water-heaters 
have high first-costs which would constitute a considerable barrier for low-income households, 
unless the purchase is arranged through a housing bond or some other facility at the time of 
purchase. 
The hot-water storage geysers using gas and electricity respectively follow the electric in-line 
heaters, which, while not expensive in first-cost terms, have high power demands which are, for 
the larger flow systems, only available where three-phase electricity connections are in place. 
Three-phase is a technology option being decreasingly utilised in newly electrified households. 
Low-income households are more and more frequently being connected to 20 Amp single-phase 
supplies, which facilitate only very low-flow in-line heating - typically less than 5 litres per 
minute. 
After the gas in-line heaters, paraffin options on conventional multi-purpose primus and wick 
stoves are the next lowest cost options . 
3.4.4 Lighting 





paraffin pressure; and 
gas lamps. 
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Class of lighting Lowest price (excl. vat) Highest price (excl. vat) 
Electric incandescent 
60 watt 2.10 
. 2.70 Philips 
100 watt 2.17 
. 3.00 Mercury 
Electric fluorescent 
10-11 watt 53 Mercury 68.39 Sanji 
13 watt 53.98 Philips 54.99 Mercury 
18 watt 56.99 Philips ES 68.39 Sanji 
Candles 0.35 0.65 
Paraffin wick 8 Hazel lamp 14 . 
Paraffin pressure 199 Coleman 239 Coleman 
Gas lamps 64 Cadac 100 cp 105 Cadac 300 cp 
TABLE 3.7 Light sources and their prices 
The LCC estimates for the different classes of lamp/fuel combinations in the various urban 
areas are illustrated below in Figures 3.8 and 3.9. A detailed spreadsheet of the data behind 
these figures is presented in Appendixes B to F. 
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The results reflected in Figure 3.8 are clear-cut. The electric options are considerably lower-cost 
options than the others per unit of light output. Paraffin and gas pressure lamps follow with 
comparable costs. Candles are the most expensive after paraffin hurricane lamps. It is 
questionable, however, whether the methodology for evaluating the cost of light should not be 
costs per light source, regardless of the quality of lighting service provided. Cowan et al (1992) 
estimate these costs, which reflect a close correlation between electric lighting and candles as 
light sources. 
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FIGURE 3.9 The life-cycle cost estimates of some electrical lighting options 
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Figure 3.9 shows the costs of the least-cost electric lighting options. The compact fluorescents 
(CFLs) of higher efficacy, cost in life-cycle terms about one-eighth of the incandescent options 
with similar light outputs. Unfortunately CFLs have a low penetration, once again as a result of 
their initial purchase prices, which are often 20 times those of the incandescents. The 
penetration of CFLs is likely to remain low unless this barrier is addressed. 
The variation between the life cycle-costs from city to city are low enough to make an national 
average comparison unnecessary. 
3.4.5 Refrigeration 
The classes of refrigerators cos ted include: 
electric 250 to 300 litre fridge / freezers; 
electric 330 litre upright freezers; 
• electric 120 to 300 litre chests freezers; and 
gas or paraffin absorption fridges / freezers. 
Class of fridge/freezer Lowest price (excl. vat) 
Electric 250 to 330 litre 1 599 Fridgemaster 255 
fridge/freezers 
Electric upright freezers 2 339 Kelvinator FA 330 
Electric 120 to 300 litre chests 999 KIC 210 and Defy 210 
freezers 
Gas absorption fridge/freezers 1 400 KIC 110 
Highest price (excl. vat) 
3 820 KIC 265 
3 838 Kelvinator FA 330 
2 718 Defy 420 
3 675 KIC 220 
TABLE 3.8 Refrigerators/freezers and their prices 
As there are very little data on the efficiency of refrigerators sold on the South African market, 
the range of efficiencies of refrigerators of comparable size and class is used as an 
approximation. This approximation is partly flawed in that the countries in which the energy 
efficiency of appliances are available are most likely to be countries with either (or both) 
appliance labelling schemes and / or minimum energy performance standards. In 16 countries 
comparative or endorsement labels do exist (Duffy 1996), but even then the testing procedures 
may have little correlation with the real performance of the appliance in use. Refrigerators 
demonstrate the fallibility of transforming test data to in situ data as performance is sensitive to 
ambient temperatures. For example, the European Union refrigerator standard ISO 5155- 1983, 
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conducts tests at 25°C and Australian standards at 32°C. The European test requires a fully 
loaded fridge while the Australian test method requires standard packing of the fridge. 
Currently Eskom is testing a range of the most popular fridges sold in South Africa to obtain a 
performance baseline for an energy performance labelling feasibility study (Smoog 1996). Initial 
estimates of efficiencies of South African refrigerators and freezers utilised in the estimates was 
sourced from Power People Manufacturers (1996). This data is not documented, but it is the 
only available data on the energy performance of refrigerators available in South Africa at the 
time of writing. 
A possible way of estimating the energy consumption of South African refrigerators is to 
multiply the rated power consumption of the compressors by a factor of between 0.5 and 0.8. 
Fridgemaster, which enjoys the largest portion (nearly 40%) of the South African refrigerator 
market, uses a SO'X. to 80'Yo running time rule-of-thumb in matching fridges and compressors 
(Shear 1996). Power People Manufacturers (1996) indicate that from their energy performance 
tests of refrigerators, energy consumption differences between the most and least efficient fridge 
in South Africa is in the region of a factor of 10 for similar classes and volumes! 





















The LCC estimates for the different classes of refrigerator I fuel combinations in the various 
urban areas are illustrated below in Figure 3.11. A detailed spreadsheet of the data behind these 
calculations is presented in Appendixes B to F. 
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FIGURE 3.1 1 The life-cycle cost estimates of refrigerators 
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It is apparent from the figure that electric fridges and freezers and fridge/freezers have LCCs 
less than half those of the gas and paraffin absorption refrigerators. As with lighting, electrical 
options are far less expensive for users over the life of the appliance. Chest freezers, that usually 
have 10 ern of insulation material and are top-opening, have the best performance. 
3.5 Conclusions 
Chapter 3 has presented the financial life cycle costs of various appliance-fuel combinations, 
using many assumptions pertaining to key variables. 
There are some conclusions from the LCC analysis: 
• A wide range of life-cycle costs can be expected for any single appliance fuel combination. 
• In the majority of the cases, the present value of operational costs are larger than the present 
value of initial costs. Exceptions to this include (most notably) microwave cooking, in which 
appliance costs dominate. 
• For cooking, coal ha~ the lowest LCC in Johannesburg and Port Elizabeth, followed by 
electric hot-plates and gas burned on a ring. In Durban and Cape Town, the gas price is low 
enough to make cooking with gas a better option than with electricity. 
• In water-heating, solar water-heaters provide the lowest financial cost options. Electric hot 
water storage geysers have comparatively high LCCs. 
• For space-heating, electric heat-pumps, followed by coal used in a brazier or a stove, have 
the lowest LCCs. 
• For lighting and refrigeration, grid connected electrical options have lower LCCs than the 
other options. 
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4. 1 Sensitivities of life-cycle costs 
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The LCC estimate is subject to a number of assumptions and parameters that can have a range 
of values. This chapter sets out to assess how sensitive the LCC estimate is to some of these 
assumptions and parameters. In undertaking the sensitivity analysis, the LCC is estimated by 
changing one variable across a range while all other variables and assumptions remain constant. 
The variables and parameters against which the LCCs are tested in this sensitivity exercise are: 
the price of the fuel; 
the price of the appliance; 
the appliance efficiency; 
• the rate of consumption of fuels; 
the durability of the appliance; and 
the discount rate. 
For the first three variables listed above, a range is defined in the LCC calculations. The mid-
point of this range was used for demonstrating the average LCC (described in Chapter 3), but 
for the sensitivity analysis five equidistant increments are set between the maxima and minima, 
at which the sensitivity is tested . This method thus provides six points at which sensitivity is 
tested. The result of the test is presented as the percentage change in LCCs using the LCCs at 
the bottom of the range as a baseline. A second presentation of sensitivity shows the effect on 
the LCC of five appliance combinations - coal stove, paraffin wick and primus, gas ring and 
electric hot-plate for cooking at minimum, mid and maximum points on the variable's range. In 
the case of the last three variables, an estimate of the reasonable fluctuation in the parameter is 
also divided into four increments. For example, 8, 12, 16, 20, and 24% increments for the 
discount rate analysis, and 5, 15 and 25% above and below the mid-point are used for assessing 
the sensitivity to variable durability. 
Rather than conduct sensitivity analysis on all the estimates for all the urban areas, the national 
average LCCs for cooking serve as the test case. Figure 4.1 describes the connection cost, 
maintenance cost, operation cost and appliance price contributions to the LCC for cooking 
appliances. It is evident that the operational costs and appliance prices dominate the LCC, and 
that the ratio in the majority of cases is weighted towards a larger contribution from the 


















FIGURE 4.1 Contributions to the life-cycle cost 
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Table 4.1 summarises the variables and the ranges and increments at which the life-cycle costs 
were tested. 
Variable Top of the range Bottom of the range Increments 
Price of the fuel home light 1 (in most municipal tariff 20% 
cases) 
Price of the appliance highest price lowest price 20% 
Efficiency most efficient least efficient 20% 
Durability 25% above listed estimate 25% below listed estimate 10% 
Discount rate. 24% 8% 4% 
TABLE 4.1 Sensitivity variables, ranges and increments 
4. 1 . 1 Sensitivity of life-cycle cost estimates with respect to variable fuel prices 
The sensitivity of the LCC is tested with respect to increasing fuel prices. The result of the 














0 1/5 2/5 3/5 4/5 
Fuel price increases across range 
~elec hot plate 
--elecoven 
___,.__ elec micro-wave 
~paraffin wick 
--a-- paraffin primus 
----gas ring 
- - + - · gas stove 
--&-coal stove 
- -+ - coal brazier 
FIGURE 4.2 Life-cycle cost sensitivity to fuel price variations 
The increase in the price of fuel results in increasing LCCs for all fuel/ appliance combinations. 
In the case of the gas ring, the sensitivity analysis revealed pronounced increases of up more 
than 50% as the fuel price was increased across the range of fuel prices. The high sensitivity of 
gas could be attributed to the broad fuel price range of between 1.66 and 3.66 Rands per 
kilogram. In addition, when referring to Figure 4.1, the gas ring shows that more than 90% of 
the LCC is made up of the operation cost component, which further exacerbates the sensitivity 
to fuel price. For the other appliances the range is far more modest, with the least variation 
being displayed by the electrical appliances, of which the oven and micro-wave oven display 
the lowest operation components in the LCC. Electricity prices are confined to a relatively 
narrow price range which further desensitises life-cycle cost to fuel price variations. 
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FIGURE 4.3 Effects on LCC of varied fuel prices 
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Figure 4.3 is derived from Figure 4.2 by converting the % increases into Rands per 10 
Megajoules reflecting the LCC at the lowest, mid and highest prices in the fuel price range. It 
also visualy reveals the high sensitivity of the LCCs of gas- and paraffin-based cooking to fuel 
price increases, while electrical and coal based cooking show little sensitivity. 
4.1.2 Sensitivity of life-cycle cost estimates with respect to variable appliance prices 
The sensitivity of the LCC is tested with respect to increasing appliance prices. The result of the 
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FIGURE 4.4 Life-cycle cost sensitivity to appliance price variations 
As was seen in the case of fuels, an increase in the price of appliances results in an increase in 
LCCs, the most pronounced increases appearing where the range of prices of the appliances is 
the largest. This is the case with both paraffin appliances which, though modestly priced, have a 
wide price range between local and imported goods. Low sensitivity to appliance prices are 
revealed in the cases of the coal and gas burning appliances. Figure 4.5 shows the actual LCC 
variations across the range for cooking appliances. 
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FIGURE 4.5 Effects on LCC of varied appliance prices 
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Figure 4.5 shows the higher sensitivity of paraffin cooking appliances and the lower sensitivity 
of coal- and gas-based cooking to variations in the price of appliances. Coal stoves have the 
lowest LCC across the appliance price range. 
4.1.3 Sensitivity of life-cycle cost estimates with respect to variable efficiency 
The sensitivity of the LCC is tested with respect to increasing appliance efficiency. The result of 
the exercise is illustrated in Figure 4.6. 
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Efficiency increases across the range 
FIGURE 4.6 Life-cycle cost sensitivity to appliance efficiency variations 
The increase in appliance efficiency reduces, as expected, the LCCs of fuel and appliance 
combinations. Across the efficiency range, LCCs vary for the selection of appliances between 15 
and 45%, the highest being where is the efficiency range is at its broadest, as is the case for the 
solid and liquid fuelled appliances. A general conclusion which can be drawn is that there is a 
wide range of estimates, which will obviously affect the calculation of LCCs. Where the costs of 
fuels are a relatively smaller part of the LCC, and the efficiency range lowest (as is the case "A'ith 
the micro-wave oven), the LCC estimate is least sensitive to variations in efficiency. Most 
sensitive are the paraffin appliances, followed by coal burned in a brazier. Figure 4.7 shows the 
actual changes in LCC for cooking with increasing efficiency. 
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FIGURE 4.7 Effects on LCC of increasing efficiency 
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The most heavily affected by the increase in efficiency are the paraffin appliances which show a 
rapid reduction in the LCC across the range. Reductions in the LCCs of electrical, gas and coal 
based cooking show less dramatic reductions. 
4. 1.4 Sensitivity of life-cycle cost estimates with respect to variable power assumptions 
The sensitivity of the LCC is tested with respect to changes in the average power output (or the 
number of units of fuel utilised in an hour of operation). This 'power factor' estimate can vary 
considerably between settings for any appliance of variable operation - for example, a stove 
could have between one and four plates in use at any one time. Nevertheless, as the basis of the 
LCCs is in useful energy units (10 MJs), there is no sensitivity to the LCC estimate with 
changing power assumptions. 
4.1.5 Sensitivity of life-cycle cost estimates with respect to durability assumptions 
The sensitivity of the LCCs were estimated with respepe to a factor that describes the number of 
useful years of operation which could be expected from the appliance. Figure 4.8 shows the 















Durability increases across the range 
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FIGURE 4.8 Life-cycle cost sensitivity to durability variations 
The LCCs decrease in all cases (although where the appliance costs nothing, as is the case with 
the coal brazier, there is obviously no change). The appliances which are the most affected are 
the paraffin primus and the electric oven, which have relatively high first-cost to operating-cost 
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ratios. The sensitivity to durability of appliances appears modest when compared to other 














FIGURE 4.9 Effects on LCC of increasing appliance durability 
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The figure reiterates the modest changes in LCC with increasing appliance durability. Only the 
paraffin combinations show pronounced changes across the range. 
4. 1.6 Sensitivity of life-cycle cost estimates with respect to variable discount ra tes 
The sensitivity of the LCC is tested with respect to fluctuations in the discount rate. In 
conducting the exercise, the discount rate used to calculate the Net Present Value (NPV) of the 
all the costs was altered from 8-24%, while the discount rate used in the amortisation of the NPV 

















real discount rates 
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FIGURE 4.10 Life-cycle cost sensitivity to real discount rates 
The relationship between LCC and real discount rates is non-linear, as expected. It was expected 
that in all cases an increase in the discount rates would result in a decrease in the LCC. This 
trend is reflected in the present value of the LCCs, and the amortised the LCCs per unit of 
energy. 
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The largest increases are recorded for the coal stove, gas-ring, and electric hot plate. The 
smallest changes in LCCs are recorded for the paraffin appliances and the coal brazier. Figure 
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FIGURE 4.11 Effects on the LCC of an increasing discount rate 
Figure 4.11 shows the modest sensitivity of all the fuel and appliance combinations to increases 
in the discount rate. 
4.2 Conclusions 
Chapter 4 has presented the sensitivity to some key assumptions and variables, of the national 
average amortised LCCs for cooking services. There are a few conclusions which can be drawn 
from this analysis: 
• The LCC of gas cooking is highly sensitive to fuel price increases whereas electrical cooking 
shows a low sensitivity. 
• The LCCs of cooking using an electric stove, microwave or a paraffin primus are most 
sensitive to appliance price increases. 
• All appliance/fuel combinations are affected by increases in efficiency. Most sensitive are 
the paraffin appliances and least sensitive are the electrical stoves and ovens. 
• The LCCs of all combinations are not affected greatly by changes in the durability of the 
appliances and efficiency. 
• The LCCs were in general most sensitive to fuel and appliance price changes across the 
range. 
• Throughout the sensitivity study, coal-based cooking in a stove remained on average the 
least-cost option for cooking in South African cities, with gas and electric heating appearing 
similar in LCCs. 
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It is clear that the ranges of LCCs are broad, in some instances extending to three times or more 
the minimum of the range. In most cases an estimated range of LCCs does not provide incisive 
clarity to the end-user who wants to know which appliance/ fuel combination will be deliver the 
lowest-priced energy service to the end-user. This reflects the reality of appliance and fuel 
combinations in use. Because the cost depends on a large number of parameters, not least the 
behaviour of the user, there is much uncertainty as to which combination will provide the least-
cost service, so the compounding effect of many small variations in the parameters can result in 
large LCC variations. 
The conclusion that too much variation exists to make direct comparisons is not, thankfully, the 
rule. Some appliance fuel combinations provide services distinctly cheaper than the rest. 
Lighting and refrigeration are services where grid electricity will provide considerably lower 
cost services than all other competitive commercial fuel and appliance combinations. Similarly, 
a clear conclusion can be drawn from the range of LCCs describing water-heaters, where 
integral solar water heaters have significantly lower LCCs than all others. But despite the low 
LCC at which the integral solar water-heater provides the service, the quality of the service 
cannot be realistically compared with the provison of hot water on demand. A second best 
could be either a solid fuel stove with a water jacket or a solar I electric water heater, which uses 
electricity to top up the solar shortfall and provide hot water on demand. 
The comparisons of levels of service with respect to water-heating is one methodological 
question that needs to be considered when policy is developed, but a similar question can be 
raised about the LCC methodology when applied to lighting. Will, for example, users be making 
choices on the basis of lumens when choosing lighting, or will any light source be adequate for 
their needs, regardless of its quality? If the latter is closer to the users' reality, then a candle may 
provide a lower cost lighting source than the electric lamp. Such observations may provide 
some insight into the slower than expected movement towards electrical saturation of low-
income household energy services, and questionable bases for analysis and marketing. 
Amongst the thermal energy services, uncertainty about the lowest-priced option is greater as 
LCCs are confined within a comparatively narrow range compared to, say, the lighting LCCs. It 
is apparent that unless solid fuels are available, cheap and clean, the possibility to meet energy 
service needs could feasibly be any one of the electrical, gas or paraffin options, although what 
has not been factored in. are the externalities that can affect health negatively through bums, 
indoor and outdoor air pollution and fires. 
The main conclusions which can be drawn from the life-cycle cost analysis are the following. 
The least financial cost options for fulfilling the energy services are: 
coal stoves for cooking; 
heat-pumps (for multi-family dwellings and commercial buildings) and by coal stoves for 
space heating; 
integral solar water heaters for water heating; 
18W compact fluorescents for lighting; and 
electric fridges and freezers for refrigeration. 
The outcome of this life-cycle costing exercise should ideally be used to develop a least-cost mix 
of options from a national economic perspective. Howeve, this is the content of the following 
papar in this series . 
The sensitivity of the average national LCCs for cooking fuels and appliances were tested by 
varying fuel price, appliance price, energy efficiency, durability and real discount rates 
independently. As fuel price and appliance prices increase, so do the LCCs. When energy 
efficiency, discount rate and durability increase, the trend is one of decreasing LCCs. The 
sensitivity is linked to the proportional contributions to the total LCC of the operational and 
appliance price components and the breadth of the ranges being tested. For example, gas rings 
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for cooking have a LCC which is almost entirely made up of operational costs. So there is lower 
sensitivity to, appliance durability and the discount rate, and energy efficiency variations than 
to fuel and appliance prices. 
A general observation with respect to the sensitivity analysis, was that there was a strong linear 
sensitivity to fuel and appliance price variations. The sensitivity to the remaining variables 
(efficiency, discount rate and durability) were linear and less strong within the ranges tested. 
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Appendix A: The life-cycle cost estimate 
Appendix A 
1. The life-cycle cost estimate 
The life-cycle cost provides an estimate of the cost in current financial terms of all the costs 
involved in the use of an appliance, from purchase to the disposal. The life-cycle cost (LCC) is 
composed of the sum of the initial costs, the present value of any replacements or maintenance, 
and the present value of operational costs. TI1e life-cycle cost is the present value cost of the 
entire system over the appliance's lifetime (Davis 1991). In the calculations below the LCC is 
presented in 1996 Rands per 10 Megajoules of useful energy. The useful energy is the delivered 
energy multiplied by the efficiency of energy transformation of the appliance. 
The LCC includes the actual amount paid for the asset (appliance), C, the present value of 
replacing all or part of that asset Rpva, th.e present value of replacing the com1ection to the energy 
infrastructure (electrical or gas) Rpvc, the present value of operating the appliance Opv, and the 
present value of the maintenance Mpv, that would be required by the appliance over the life-
cycle; 
(1) 
1.1.1 The cost of the appliance (C) and its replacement cost (Rrv .. ) 
The cost of the appliance can be obtained from retailers and manufacturers. The replacement 
cost of the appliance is calculated using the following equation: 
Rpva = C * ((1 +escp)/ (1 +dr))n (2) 
n is the life of appliance in years. TI1e terms escp and dr refer to the escalation in the cost of the 
purchase price of appliances and the discount rate gives an indication of the future value of 
money. 
The replacement cost of the appliance is estimated using the operational lifetime and dividing 
this by the time the appliance is in use during an average year. In the life-cycle cost estimates in 
this paper, the operational or useful life of the project coincides with the life-cycle of the project, 
therefore there is assumed to be no residual value accorded the appliance. Similarly, 
replacement of parts ofthe appliance is covered in the maintenance cost estimate. 
For the minimum replacement costs, the minimum cost of the appliance is used and the 
maximum life in years is used. For the maximum replacement costs, the maximum cost of the 
appliance and the minimum life in years is used. 
1.1.2 The operating costs of the appliance (Opv) 
TI1is quantity is calculated from the atmual operating costs over the life of the appliance. TI1e 
a1mual operating costs is the product of the am1ual operational hours, the average power 
estimate (fuel use per unit of operational time) and the cost of the fuel. 
0 ammal =hours used per year * units per hour* cost per unit (3) 
The present value of operation is: 
Opv = 0 atmual* ((1+esco)/(dr-esco))*(1-((1+esco)/(1+dr))") (4) 
The terms esc0 and dr refer to the escalation in the cost of operating the appliance (fuel price 
increases) and the discount rate gives an indication of the future value of money. 
Energy and Development Research Centre 
Financial costs of household energy services in four South Africa cities 
The ntin:imum operating cost is calculated using the lowest annual operational time and the 
lowest price for the fuel. The highest operational costs are calculated using the highest number 
of hours per year and the highest fuel costs per unit. 
1.1.3 The maintenance cost of the appliance (M1w) 
This quantity is calculated in a similar way to the operating costs. In most cases information on 
the maintenance costs of appliances is not readily available, and has to be estimated. 
1. 1.4 The amortised LCC per day 
At this point the LCC can be calculated using equation 1, above. However, to amortise this 
down to a daily amount is the next step: 
LCC (amortised)= LCC * ((1+dr)n * dr)/((1+dr)n -1) (5) 
The annualised LCC can be divided by 365 to provide a daily LCC1• 
1.1.5 The amortised LCC for ten Megajoules of utilised (useful) energy 
The final step in the calculation is to give cost of providing a utilised arbitrary quantity of 
energy service. For most thero1al energy services 10 Megajoules of utilised (or useful) energy is 
considered as the amount of heating energy for services of cooking, water heating and space 
heating, while for lighting 1 000 lumenhours is used. For refrigeration the volumes are 
normalised linearly to 200 litres and the life-cycle cost estimaled in R/ day. 
LCC (10MJ) = 10 MJ * LCC (R per Jay)/MJ per Jay (uLiliseJ) (6) 
The minimum LCC per ten Megajoules of useful energy is calculated using the minimum daily 
LCC divided by the minimum daily Megajoules and multiplying this by ten. The maximum LCC 
per ten Megajoules of useful energy is calculated using the maximmn daily LCC divided by the 
maximum daily Megajoules, dividing by the conversion efficiency anJ multiplying this by ten. 
1 The daily amortised figures can be calculated using the Microsoft Excel function@PMT(LCC, dr, 
n)/365. 
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lbrnzier 1 • #VALUE! I• , 01 0.01 0.01 271 171 58.5 1 1001 
j lighting 1 1 efficacy !lumens 
I lumens/watt !max 
elec ______ ~"!f_desce!_l.l_ 60 __ 0._2~~--0cc.2cc3cc44_5=-:l---'-0=.2-"-68=--4..cl __ ..:2:::.5:.;.1 __ ::.:5.=-5'-l _ _:.__c8.:;:.5_1_.:....o3:..:.6_1 __ _:1_00_;_! _ ::.:IO:cl __ _:lc:0_1 __ 4-'00'-4 
l--------~~ _____________ t:coo~t----o~·-='O [ __ __:o.:.:.2:.::3.:..44-=5t-l ---'o=.2=6=M-'1 ____ ..:2:..:.5TI __ _..:5:::.5~1 ------'8=.5~i ----"3:..:.6~1 ____ ..:.1~l· ____ ..:.l ::.:l l ____ _:l.:_l;_: ---'6:..:6~0 
!fluorescent 10 to II 0.701 0.23445 ! 0.26841 2.5 1 5.51 8.5 ! 3.6! 501 501 501 600 
__________ l ______ -.' _____ 13~ ____ o__ .2o '-l ___ o::.:.2::.:3oc44.:.:5~/ ----'o~.2=6=84-=1 ____ ::2-=5rl __ _::.:5 -~5 1 __ __:8~.5~1 ---=3-=6 1__: __ -'6:~2-' __ ~6=2~--~62=1---'1~25~0 
18 0.201 0.23445 / 0.26841 2.s i 5.51 8.5 1 3.61 75 1 75 1 75 1 3000 
~~~~~m:..:·c-=an:..:e ________ ~ ____ l _.4~--'8'-l ____ __:l~.7--'5r/ ___ 2:..:o::.:2:.;.1 ____ __:oL-I __ ..:o..:o_;_l __ --=o-=.o~i ----=3.:..7 1~-----'o~J,:..:I __ ----'o=.3~1 ____ o~.3='---- ::.8o4 
______ --~ssure ----------- __ l.48 ~ ___ 1:.:..7_:5+-/-=2-=02"'1 __ ___:o71 _ __:oc:.O:.cl _ ___:oc:.o:c.I _ _..:3~7_,_I _ ~L2=1 __ ~1.2::;1 __ :.:L::21'-_:::l5:_::00::.I 
E__ __ ~ssure_ 
1candles 
______ ____ ~ 6· ___ 4:..::.2,..:4=-51,_----'4-=.8=9_1 __ 9oc7.::.sc:-1_.:.:17:..:8-=.7.LI --.:2:::5.:.:9·=91'--4:..:9..:..1 ___ 1:.:.1 __ _:l..:..' ---'~ -'-- -'2-.::::.00 




1 refrigeration pric~ 
i 200 litres normalised vo minima ' middle 
!fridge only 
I fridge freezer (top) 
'chest freezer 
1 upright freezer: 









1 : i i 1 Units/day ' i efficienc 
I maxima i minima i middle I maxima i MJ/unit I minima I mid 1 maxima 1 worst 
0.23 j 0.27 1 12.5 1 23.8! 35.01 3.61 0.351 1.41 2.401 
0.231 0.27 1 12.51 23.8 1 35.01 3.61 1.03 1 2.01 2.901 
0.23 1 0.27 1 12.5 1 23.8 1 35.01 3.61 0.67 1 0.8 1 0.95 1 
0.22 / 0.27 1 12.51 23 .8 ! 35.01 3.6 / 1.091 1.71 2.401 
4.245 1 4.891 97.5 i 178.71 259.9 / 371 1.101 u l 1.101 
"----'-"-~--:.:::0~-----1 
4.245 / 4.891 97.5! 178.7! 259.91 371 1.101 1.1 1 1.101 
1.75 1 2.021 o.o l o.o l o.o l 491 0.761 o.8 1 o.76i 
I I I 
I: Lexh and Gowen ( 1987) --------- -· I ! ~ ~ 11: HcatU blower specif1c3Uons 
2: Greyvcnsu:in (1992) I 1 2; HaU (1 993) 
3: Energuidc ( 19':Hi) 113: Turiol (1986) 
4: KIC ( IY\13) lu: Morkols (1 996) 
-------------------------•FS:..:: A~II=I~~&::.:~:.:::~:::'•~w-=~.:.:i=-•.:..VI~lj~=·~~~tYII_:;:l~: :..:ti~J-'-1, _______ 1 ____________ _..:.' ____ -+I .:.:15~: M=•::c=ro=s~(1::~~~----------------~ 
6: M1.:Gro&IW\an ct tl! (1980), Smilh ( 1981 ) and Sunford (un<bted) in Gill ( 1987) 116: Ruuels (1996) 
~--=~---- ----·· ~-~-~~ -------1'7~: B=eu=,.=(I=YII~lcJ:..: __ :::_=-_'-'_~~-:::_:::_=_=rl~~~~~~~~ ~~~~~~:~ ~~~~~~~~-=~~~~~~~-~~~~ ~7~:.:.:T :.:•~to~lb~a~~,g~(=1:c9~96~)~~~~~~~~- ~~-~~~~-~-
H: Cow..,coaL ( I9\12J I I 1 h a:Valuo5upor (1996) 
-------11 '-"--"-_;_.:....~~---~------~---~--------------------~~~~~~~-------------
. ___ ~~~"'':U ' (~~~- ---~--------------- ----------1_9_: e_e_ns_ta_r "-(1_99_6"-J _ __ ________ __ 




I ! I I . I 
-----------------------~ --------------------------~----~. ------------- ------------~----~,----~ I i I I 
------------------- _______________ ____;__ap-p-li-an_c_e_p-ri-ce----+-------~r------:,-ex_p_ec_t_ed_s_e_n_hrsl ___ d_a_y --ye_a_rs-----rl-hr_s/_d-ay __ l_ye_a_rs ___ , 
------------------------------------~~--~----r-----r---~~-------~~----~.~~~~--~ ! 1 max ' mid min I rererenl hours I max low I mid 1 mid rererence 
.: ' 
I 451 1 287.81 124 14.15 l 4000.01 4.01 2.7 2.5 1 4.4 
1----_:_ __ __:1:_1 _______ -+---------- _____ 44701 3032.41 1595 l l6,17 I 8000.0: 4.0.:_1 ____ _:5:.:.:.5'-'-l-----=2:.c.5:...:i ____ 8:c..s=--t 
_ __ 4~-- _ ______________________ 43561 2542.21 72817.17 I 10000.0~.:.0 _1 ___ ::..:13::.:.7:_1 ____ 1:.::.3=--l----=-21:.::.9'--l 
1--------- ...!.___ __ __ ____ _ _ ____ __ _ ___ _:2:.:2::.:I __ __:_I2::.:2:.c.o~,1 ____ _:2c:.3r.:l""8,""19 ___ i ___ 2_I_9o_._ol _____ 8_. o __ , ____ 0_.8_1 ____ 4_._5 , ___ 1.3 
---____ __!_ , --------- ------------ - ______ ::.:22,~1 "-' __ _:1...:.42::.:.5Ji _____ 64:..:.;cl2:.:0:..:.,19::__ ____ .:_:1 0:.::.9.:_5·:.;:_0 ;....1 --~8-:.;0 ic__ __ _:o:.::..4...;.1 ____ 4_.5:_ ___ o_.7_, 
_______ ___ ! --------------·- ___________ 5:c.:5 __ 1 ____ 4_o._o'--____ 25...,.l2_o-'-.2_1____ 4380.01 __ ___;_4c.o::_l ____ ~3:.:.0"-l ---=-2 ._5 ____ 4_.8 
___ -·- 1 __ ___ _ --- ----- _ -----~l- 2543.3 '---l ----'-8_97...;.2_0-'---,2_0 _____ 8_000_.0_1 __ 4c0' 5.51 2.5 __ _ 8_.8 
____ _____ _!__: ______ ------------------~o'-1- ---=o~.O.c.l __ _:o:.:.l ___ _ 2.:_:0000--'-"-'-'-'.o-'-1 ____ 4_.01 13.71 
I I 
2.5 21.9 
.:..14.:.:0o.:Oc:..l __ __.:8:_73:.:.=-!01 ____ .:..34.:..:6+12=2=.22=-- - __;2::..:0000~:.:.·0:...:1 ____ _.4,.=0-' __ __:1::.:3-.:..7 _1 ---=-2 _5_· ___ 21_.9 
14001 873.ol 346122.22 20000.0:..:1 __ :.;8 .=-0 I--'-_...:6c.:.8"-l -=-5'-.o~"-l _..:.1.:..:1.-=-tO 
01 o.o l ol 1000.01 4.01 o.7 t 3.0t o.9 
I I 
I ---- ___ .......__ ----
6i 
I I : ! I 
' 71 1 --~~~itre _____ 2_63_2:?::..:-6:_1 __ .:.:19--=5-=-2-c:.8'---l __ _:1..::27-'-'3'-'-1"'23-".2-'--3 _ ___ IOOOO=--·-'OI'--___ 2_.o __ I___ I..:..3_.7_1 ___ 1.31 21.9 --- --r ------- ---~ -==----.:::.3-.:_1 _-t:o:~l..::0:.5:::V_m=i' .......:.:I2:.:5:.::.1 c.:·7.:..2!------'-'-l-=-09:::J:.:.:.8:.:.1 __ ___:9..::3..:.6c::l2.::.4 2::..4 ____ ____:5..:.000.:_c.:O:...:I ____ ..::0:.-:.5 _, __ 2::..7..:...4:.:.1 __ _::0._5 _ 2_7_.4 
_- _ li ____ ___ _____ l _____ - ---- - 221 1 122.01 23 118.19 ~<!_1 _ _____20~-~------=3~.0..:..1 __ __:_1.3 1 4.8 
____ _33_1__ __ ~_1 ___ 64!20.19 _ IOOO.Q~ 2.0 1.41 1.3 2.2 
- -- -- _IJ__ ___ -----------
I 32481 2260.61 1273121.20 4380.01 1.0 12.01 0.8 . 16.0 ----------------- ----- -- -
, ____ __:_13"-''-'-'10--------------- - ------- _______ 5::..7..:.0.::..0 i'----'-5-=-58:c.:6cc.O:_I ___ 5::..4..:.7..:.2I:.o2-'-'1.2=--I ------'I0_000----'-.01 _____ 2._0.c ____ .:...l3:...:.7 __ ___:_1}_' ___ 2_1_.9 
______ ----' ------ -----·-------- ___________ _:o,_~ ____ ::co·:.:oc.:l ____ _:o:...:I _______ ..:.:'-QL __ .:..:'-:.:.o _ ___ o:.:.o:ci ____ .:.:'--=-OI _ __ =o.o 
I I 2132 ' 1507.3 1 882122.22 8000.01 1.01 21.9 ~ 1.01 21.9 
- -- --- 12 -- --------,- - ---IOOi-&5 ol - - 2052 : 1805.81 I560I2s.26 ___ 4_3_8oo--_o""",----8-.0--I -----8.-0I'-----7.-0-1 ---,-7_-,' 
f- -- ---- i2-- - - 2001 . 200kPa 85501 7980.01 7410126,26 43800.01 8.0 ' 8.01 7.01 17.1 
r--- - --~; ---- --- -- --- - --- ------- 2132: 1507.31 882122.22 -'-5000:..::.:.:..:0_:.:.0;_1 _ ___:4::_ :0=--, ---34~_ 2"-: -----=3.:..:.0:.::.1 ___ 4_:_:5cc:.71 
------------------------------------=-3-'-'17_1 ___ 1:_7_:_8 . .:_5;_1 ____ 4_0:.::.1--17.:..:2_:_7 _____ __::_5000:c.:..:...:.'0-'-1 __ 4.0.:_1 ____ _:3:.::..4:.::.i __ ___:2:.:;.5:_• __ ___:5:.:;.5'-l 
____ 9_:_:5:.:3 __ ' __ ..:6..:.07:_.0::..1 __ .:_26:c.:Ic..l1:...:4:..:..15::__ ____ 5:c.:OOO:.:.:.·c:.OI _____ _:4.0.:. ____ _:3:.:..4_:1 ____ 2=-=--5' --~5.5 
2' 8ooo1 1ooo.01 6000128.28 I30000.0 I 24.o=--· ____ :_I4:.::.8::.1 __ --=-24:.::o=-1----=-I4:.::.8
4 
--- _____ _!_!__:_ -- -- ------- - - - -------------=2=--50:.:.1 __ _:2:.:0::9:.=.8"-l __ __:lc..70:..:1.:..:17:.:.:·1:.::.7 ___ _:_5:.;000=.0-1 ____ 4_._0_1 ____ 3._41:..,_ ___ 2.-'--5_1 ------'-'--5.5 
50 - 35.01 20119.19 8000.01 4.0! 5.51 2.5' 8.8 
- ------------------~=-----------------------'-------'-----'-"C.:. 
9 738 1 430.81 124120.27 ' 4380.01 4.01 3.01 2.51 4.8 
- -- - ---- --- - --- ----------'-------=--=--'------'-'--"-'---------'-'--'--'------'-'--------".:.:_-----=.:.:._-----'--=--t 
____ .2.:_? _________ -·------- ____ _ _ ____ _ __ _ _ __:_0_' ___ O:.:.O.:.:I ____ ____:O_:_I ____ ~-=-20000:c.:..::.:.:·..:.O :....I __ _____.:4.0:..' ____ ::..:13~.7 ___ _:2:::_5 _  ,___ :.;21:.:::.9 
__ -------·- _ _ __ ____ _ __ _ __ ---'-' --'-4o:..:o:.;.l __ ...:8:.;.7::.:3--=-ot ____ ~34...:6:.;-1 2=2=.2~2 _ · ___ _.::._8ooo:c.:..:::::.:.·o l ____ ...:4.o=--' __ ___:5::.5:.:.1 __ ---=2:.:.5:..:1 ____ 8=·::8
1 
91 14001 873.01 346122.22 20000.01 8.0 6.81 4.5 ' 12.2 
91 
5• 01 0.01 Ol 1000.01 4.01 0.7 ' 2.51 1.1 
-- ----~----------------------------------~----------------------------------~ I watts/lOOOiu I hrs/1000 lhrs 1 1 I I I I 
min 1max imin j1112x !min ; I I I 1 I 
I---4~00.:.:1 ~8-=--8 --~!~--'-IOO:c.:c..:.OO..::ri ~IOO:c.:c..:.OOc:.:_I ___ ~2~.5--'-0 I -----~2_.5~..:..0_1 -----"-2._71:..-__ ~2:.....4~1 ----'2"-'.1+1 2~9~.27_~1 _ _:I..:.OOO;:..:cc.O~I --'-'--"6 .0.:.:1 ____ .:.:0.~5 1 __ __:3~.571 __ ~0--=-t8 
66018,8 90.9 !1 90.91 1 LS2 1 LS2 ! 3.01 2.61 2.q29.27 : 1000.01 6.01 0.51 3.51 0.8 
60018.8 20.001 20.001 1.67: 1.671 68 1 60.7 53129,27 I 5000.01 6.0 t 2.31 3.5 3.9 
125018.8 1 16.13 1' 16.13 1 0.801 0.801 55 1 54.5 54129.15 I 5000.01 6.01 2.3 3.5 3.9 
~ ~~--J_~~~-~.:c.:..=~-~~-----.:.:.:.:.L-__ ~__ __;:_::~--~~~~---=:=-:.:::-=-t---~="----~-'----=:~--~
300018.8 13.331 I3.33 i o.331 0.33 1 68 1 62.7 57 27.15 i 5ooo.o l 6.01 2.3 3.5 3.9 
20 i8 3333.331 3333.331 50.001 12.501 141 ILO I 8 30,18 I 4000.o l 4.01 2.7 2.51 4.4 
_ 500~ ---~ __ 8 =3=-3-:::c33:ccl__:8:::33:.c·3:..:3"-l __ 2_.00_L ____ 0.671 239 1 219.0 199 19.31 I 4ooo.ol 4.01 2.7 2.5 4.4 
30018 1000.001 1000.00 1 3.33 1 
----'-,-0,-8------, - 5-ooo--.oo l 5ooO:ooiloo.oo;-
5 001 I05 1 84 51 64 20.20 I 4ooo.o i 4.01 21i 2.5 4.4 
-33~-3---'1 ___ o.:.:_6=5-'-l --=-o...::5=-1i~--o-.3:..:5+13=2=.n=--r-. - IO.o t _____ 4_0--I ----o-:o---',-----3.-0I _____ o_--to 
middle I best 
I price 1 price I price I ! volume rang volume I I expected 
taccept 1rererence1 1max I mid I min I ivolume (cu.e max mid I min I hours 
13. 33,34 22991 24031 2507114,15 111.8 (0 13.6 1 385 1 3601 335 1 131400 
:3. 33.34 4273.291 30481 1823116.17 l8.8toll.7 320i 285 1 2501 131400 
13. 33. 34 31621 2I5o l 1139 21.21 14.2 to 10.6 1 4201 2101 1201 131400 - ------ _ __ ___ ____::.:..:.=.; __ ~.:..:.r-----=-=:_c:::-=--+-=-cc:--=~----'-=.:___-....::.:..::.;___:=r-=-:~ 
-----------------C--------=--3.33, 34 4355 : 3347 2339 17,17 11.71 )301 3301 330 13!400 
:3.34 4275 1 29361 1596 20.20 • 1 2201 1651 110 131400 -- --- - --- -- ----~------'---- ----------~------------.,------+----'-_.;.----------'----------------"-------'----'---1 
•3.34 4275 1 29361 1596 20,20 ' 2201 165 1 1101 131400 
13.34 I 4275 1 29361 1596 20,20 I I 1001 IOO I 1001 131400 
I l I 1 I I 
21 : A0C ( I996) jJt : Cape Un1011 Man ({996) I . I 
22: Doyline Sales (1996) b2: Simmonds & Mammon (1996) I ' I 
23: Penny Pinchers (1996) 133: Fridge Masler (1996) I : 
24: AEG (1996) ! 34: Power People Manufacturers cc. ( 1996) 







26: Sol Energy (1996) 1 
27: Oions (1996) I i -------------------------1 
- -----~-----1-----__:ic__ ____ +----'--------~· -----...:---------------~ 
I I I 
----- ------------- ------+------------- -----------------------
28: Cape Energy (I~ __ ----------
29: Hyperama (1 996) 
30: Mowbray Station Superette( 1996} 1 I I . 
Page 2 
Appendix 8 
I --- ___ _________________ _.__ __ _,_ ______ ~----------
-hr~da~ y~ars --units-pe; RJIOMJ - -- I ::rating I mid 
1 
max I ave poweJ : 
min high vol.or ml min ' mid I max I R/year I R/year I Rlyear I assumption 
0.1 esc cap= 
I LCC calculations 
Rpv mru Rpv mid Rpv min 
_, 
-· -
1.01 11.01 2.01 0.71 1.01 1.41 1461 4281 7841 2.01 12.01 3481 1901 44 
1.01 21.91 1.91 0.71 1.01 1.41 1391 4061 745 \ _1_.9_1 __ 1_ 2_.-'0I __ 26_5_2 ___ 1_3_15_1 ___ 19-t7 
_ _!0 __ 54.81 1.5 1 0.91 _ ___:1_::.0;__,_1 __ __;1-'-.4'-1-----'5:..:5_;..1 _ __ ,;.._14-'-9-1 ___ 2__;9_4,;.._1 _ 1_;.5:..;,1 _ _ :l3c:__;·o-'-l---'l-'-1.:..:80=---'---'3'-'l-=-5-' ___ 4 
- 1.0 -~--0_._1 ___ 1_.1 ___ __!2 ___ ____::2:.:..7;__,_: ___ ____:__7.=.0:...1 ____ :_37c__4 __ 1___ }__6_7_1 --~2::::.0'--1 - -=20.::__:6:_;1 __ 1:._:0:__:_7 - --~2 
- 1.0 ~ __ _QJ _ _E ____ l_.l _ ____ J.8 1 53 1 3741 7671 0.1 : 12_.0-'-1 __ 2_1_3, __ 1_34_1 ____ 44 
~-o. ~~ ~-1 _.2 ____ 1_.7 _____ 2.5_' ---~~:_ ____ 12_5__:_6_1 ___ o:__:._2'---': __ ,_2".-'-o.' __ 4...::1 __ ___::2:.:.5 __ i _ -~ 
1.0 _ 21_.9_1 - 0.2 : L2 : 1.7 ! 2.5 1 2501 736 :...1 ____ 1 _ _:_:35,~6=---' --=-0:..:.2_;..1 _ __:1:2::.:.0_1 __::2:._;,4.::__:85____:1.:..10.:.:3:.c_i __ _:_l_:___:_ll 
1.0 , 54.8, 2.61#####11#1 #VALUE! #VALUE! ol #VALUE! 01 2.61 1.01 01 01 0 -------- --------- --
1.0 . 54.81 2.61#####11#1 #VALUE! #VALUE! #VALUE! I #VALUE! #VALUE' 2.61 1.01 380· 1081 2 -· - ·- ·- _______ __;__;_; ___ __;..:,, ___ -
2.0 _ 27.41 __ 4.01 ~-!0:: ALUE! __ #V_ A.::cL_::_U..:.E:...! __,'_ #_V_A-=L:..:U-=E_;..! __ #_V_A_L:...U:__E_! __ #_V_AL___:_U_E_1 _ __ 4_.0;__1 _ ,2:....0__;_1_--'7-=2-=-9_• _ ___::3...:.0.:...7' ____ 25 
1.4 ' 4.01#######1 #VALUE! #VALUE! l #VALUE! #VALUE! #VALUE! 4.01·• 0 01 0 
0.5 · 54.81 31 1.21 0.9_~ __ ___!_:EL_ ___ li_OL, ---~----2!1_8 1 _____ 31 _____ ~~--242 ' __ }_ 
0.5 __ .E:_4_:_ ___ 9_1 __ ~:__----~~--- -~-8 _1 __ ___2321_ __ 385 1 441 91 --- 92~:----~ 
0.5 __ -~~--0:.!_3_1 __ 1_.1_:_ ______ 1_.71 ___ --- _ _l.?_l____ __3~ 1- - _!_!)_4 1 - - __ !_9_2! __ 0, 1 ~- - _1__6~ - 77 ~ 
o.s __ 52_ _0_:! 3~_: 0.1· _ _ _u __ _ __!_.~-~----- ~!___ _ ~: ______ _!__9_2_1 __ o~~- ____ ___!_9~ _ _1_ 1~ --- _ 3_~ 
0.5 24.0 __ - ~ - _ _!_c~-- 1.7' 2.5' 12161 __ _2 152 ~----~0-~--~ ?._ _ _ _!_Q_35 _::~2 . 129 
0_} __ ~8: ___ Q:_6~-_Q;_~-- _ _!_·~- - --- 1.3 ' 405 • --~-~03 ' 0.62 1483 692 ____ ~ 
1.0 0.0 3:#####11#1 #VALUE! #VALUE! #VALUE! #VALUE' #VALUE! 3 0 o, 0 
- 1-.0 ;--ru~- --- 31#####11#1 #VALuE! -- #VALUE' #VALUE! #VALUE! --#VAUjj; - 1 ----3,----264- - -~87·----109 
- -------· - --·----
6.01 15.0 ' 21 0.01 0.01 0.01 Ol 01 01 21 957 352 . 373 - -
6.0 15.01 21 0.21 0.31 0.51 1171 1 1198 1 29391 2! 3989 ' 1557 1774 
2.01 68.5 1 41 #####11#1 #VALUE! 41 34 i 19 1 
1.01 13.7 ' 2 0.6• 
---~~.:...:..:c~--~--
0.7 ' 0.71 ~9 1 178 i 3921 2, 20.01 229 106 r II 
1.0 13.7 ' 2: 0.6 ----'0:.:..7:..._ __ __::0__;.7_' ___ ___:_49=---'------'1'-7-=-8-1 -·--- -'-3-'-9?:.:- ':..._ _ __::2_·_~26=~·o_l -'-6-=-88=-----=-36.::__:o:.c· _____ 7~1 
24,0 __ 1_4._8 ___ 1_2_. ___ 0_.2 ____ 0_.2_' ______ _:_:0.-=-2:... __ _:_70.::__:2.:6--i ___ 1:..:0--=-26_:_:9: _' _ _c,l_4::1:..:0_:_7_' __ .:.,12=------=23.01 1945 1701 1458 
1.0• 13.7 2 0.61 0.7' 0.7! 491 178 1 392! 2! 24.01 180 ' 124 i 46 
___ L_o~ __ Io_.o_ _ o=---.2-'----_ __ o_A ____ ___ !!.L _________ 1_.2 _____ 79_' ______ 1_3_3 ____ 2_9_5_, ____ 0._2_: __ 12.0 30 15 8 
__ __!_:_O.:__~;Q_ __ !_lA ___ 0:.:.7___:_ __ __1_:_2~- 2.5• 175 · 646 r 142-'-8-' ___ 0,;.._._41_---'1·2=·c:OI __ 5.::__:5:___4_• __ ..c2=:7-'--'-3 -~ 
___ '::Q!___54_.8;.._ 31 #######' _ _!_VALUE! #VALUE! #VALUE! #VALUE! #VALU~ _____ _:__3:...1 __ :'-:.:_or _ ___::O _ _ __:::O· ____ _(l_ 
_ .:..1 :..:·0_1 ___;2.::__:1::.:.9:__:_1 __ _ ___::3.;...1 ##:.:.=---##::##c.__;#_l _ __;.;..,#VALUE! ___::#_V_;..A:.:L:U_: _ _:E_:_! _..c#:__V___::AL-=:cU:.:E:.:.!.___,..__::#V::A:._;,L=.U=.E=.!:__'_____c#_V_:_A:.:L:..:U:..:E:.:.' _____ ;:3_;..1 __ :'.:::·0:__1 _ .-=-8=.31:_ __ .=_37:.:9:__:_1 _____ 42 3 
1.01 54.81 41#####11#1 #VALUE! I #VALUE! 1 #VALUE! #VALUE! #VALUE! 4r 12.01 729 274• 2 
1.0 ' 2.7 1 41#####11#1 #VALUE! #VALUE! I #VALUE! #VALUE! #VALUE! 41 12.01 0 01 0 
, lumenlul cents/1000 lumen hours~ I 
----- ----·----'-----.- -----.-------.----------------~---------------
' lumenh~ min j mid I max I 
__ 1 '-o -~---~2_~--~ _____ 2.3• 2.1 ; 4.4 , 18.01 351 o_.:..06:..:.:.1 ___ --"-__ 2:c·c:6 '_---'2=.2=-----~ 
1.0' 2.7! 3056· 1.81 2.1! 2.41 7.31 30.01 591 0.101 2.91 2.41 1.6 
1.01 13.71 138891 0.41 o.s l o.51 o.9 i 3.61 11 om l 42.61 41.8 1 14.4 
1.01 13.7! 11222! 0.31 o.41 o.4 1.01 3.91 81 om l 43.41 37.51 14.6 
1.01 13.71 20833 1 0.31 0.3 j 0.41 1.31 5.41 II i 0.02 / 45.91 43.2! 15 .4 
1.01 II.o l 81 48.01 56.81 65.51 8.81 25.91 481 o.o16 i 1o.8: 1.21 2.8 
1.01 11.01 321 12.01 14.21 16.41 43.8 1 129.51 -23-~9+-c;..O.c;..08~1+1 ----,-I -184~.1-! - 144--=.2-'-! -7--=0-'-'--.0I 
-· 1.01 11.01 20 i 26.4[ 31.2 i 35.9 f 24.1i 71.1 i 131 1 0.0181 80.9! 55.61 22.5 
2.01 0.01 581#####11#1 #VALUE! ' #VALUE! I #VALUE! I #VALUE! I #VALUE! I 0.1041 I 0.6 , 0.51 0.3 
hrs/dauears I hrs/day I years I hrs/day 1 years I Units per hoUJ centsllitre/day 1 J 
max low I mid I mid I min 1 high I voLor mass l min I mid I max ! 
-----=1-=0.~0~1 --,-~~5~.0~1 _____ ' _ _ --=20=·~0 I ______ -'-I ____ ____:o~.oc;..l8=:1 ____ _.:.:o.=o9~0TI __ o::·~l9c;..l __________________ __ 
----~---~- 15.01 2001 0.065 '-1 ___ ..:.O....:..Ic6c2'+1-----'-o.-=-3 '---11 ____________ 1 
10.0 15.01 20.01 0.032 / 0.070 / 0.21 1 
10.01 1s.o1 20.01 ' o.o661 o.IIs l o.2o i 
10.01 15.01 20.01 ! 1.8001 2.8301 4.891 
10.01 I 1s.o1 2o.o : 1.8001 2.8301 4.891 
10.01 ! 15.01 2o.o l I Ll3 d 1.337 1 1.541 
I I I I I I I 
-----
! I -· -- ----------------_____________ _;___ _____ ---:----.-------------
' ---- ------------ __________ .._ _ ____________ ;.._ ___ -'--- -----------1 
i --·-------- ---,--- ---------'-,-----,-----,-,----.,-i. ---:!------------1 
- - --------------'--------'------'----------------!----,--------------
1 l i ---·-------------7-------~------~-------'-----------------L-----L---~--------------4 
I : ! 1 I 
-----------~--_.__ _ _ _ ~----+--------------~---'-----'------------





·---·---- __ ____ ·----'---·-'~------------ ------+I L:::C:.::C~--
01 1------ -- esc op = 01 ·--------~Connection : ILCC LCC 1LCC ' amort ~--~- -- ' j 1 IRJday 
1-0- pv- m--ax--0- p_v_m_i_d- - .-0- p_v_m- in---;-1 M_p_v_m_a~J-M-~v-,;,id M ; -.;;-in-;R. pv maJ R~v mid I R pv mil min ---m- id- --- m-·a_x _ __ _;_m-in--'--- -
1078.01 1778.5 1 2323.41 0.5 1801 1461 9491 701 28 1 41 1.5 1 1.1 1 0.71 
, ___ 3c.c0:..:2..:..9 ____ 2_3_0_2,---- ,2181 5301 197 ' 201 1.5 • ul 0.11 2833.6. 5532.91 8030.61 -~ 
- -------- ---
2143 -· - -
529 
269 
3373 - -------- -- -
1304 5461 2361 ____ __::47:,:1 __ __:0::,:1 ___ 1~. 5::,:1 __ .:.1.:.:.1_ _ _:0:.:_.7:.,1 ___ _:_:12::7.::::5.5 1 3894.6, _ _ 6_73_6_.~_1 __ O_A 
41 16 i I 0.01 0.01 0.01 330.2 ' 584.01 791.1 0.2 -- ------ " .... ::c::.c_ __ ..::.:.:: _ __::.:.::...- ---- --------- --- -----
167 ' 230 ______ 43 ~0..!__ ___ 4~ __ o::.0::•':..--_ _::0.::.0"-1 _ _ 0::·::.01,_ --~~·3 _____ _:3:.:9.=2.::.6"-1- --5_3_2_.9_1 ___ 0._21 
27_;0_2 _______ ,_7o_,_~ _____ 81 ____ 4_' __ .:.' '~---'-'4::.:-~9~--'-=0.::.2::., __ 5::.:·::..6'-i __ :1_7:..:3:2::·~--- ~-56_.o_~ _ _}_45_I_.S:_ _ _ o_.7 
f--- 5518_ - . 4 !_6~-- __ _31_8_7 1_ 497 - - J ~5 ______ 11 .:_ - _1..:.4:.::..9 __ 1_ _..:..:, 0:.:·:2::;1 __ -=.5:..:6.:..1 _ __ ..::.3..:..1 0::;1,;,_.4~-·--- .:::6::::88::.:7~.5:.___ __ _.:.:1 0::.2::1::.:9·::_8;_1 _____ __:_;:::,1.0 
01 #VALUE! 01 _ --~ __ _Qj__::_Oc_l _ _:0:::.0::;1 __ 0::.:-.:;0I_......::.O·:..:O,I_ ----~:QI_#_V_Al,:t,J_E_! _____ 0._0_1 ____ 0.0 
#VALUE! #VALUE! #VALUE! I 761 161 O: :I __ __:O:.::.O::.:I __ ::.O·:_:O;_I _ _:O:.:..O::;I_ #:..:V.:..A:..:L:..:U:.::E·.:.' . _ __ #::_V:.::Al:_U_E_! __ #_V_A_L_U_E_! __ #V_A_L':l_~_ 
#VAL_!!~! =: #VALUi_!_- #VALUE! l~l ~~--3 1 _ _ 0::·::..0;_1 _ ___::O~.O:::_I _ _ O::.:·::..O :..I _#::_V:..:A_::L::.:U::.:E~;_! __ #_V_~LUE! #VALUE! #V ALUE1 
#VALUE! #VALUE! #VALUE! Ol 01 Ol 0.01 0.01 0.01 #VALUE! #VALUE! #VALUE! #VALUE' 
4285 _ 2~~~-· ____ _1_092 L_ !~_26_1 ____ _1_ _ __ 2~L_ __ 1.61 131 1 2379 .~~-- 4~02 .4 1 ___ 7062.I :_ _____ .Q;2 
- - ~~81 __ -- 356~ -· ____ 3~ _____ 18_1 __ _1_~ ___ 7_1 --~-~---' -·6_1 ~_~1.:.6~-- 4675.51 5357.01 1.2 
477 ' 381 239 ' 33 1 12! Jl 0.01 0.01 0.01 263.01 514.7 730.9 1 0.1 -- ----- -- ·· -------- --·- ------- -- --- ----- ---
235 1961 143 · 391 17 ' 41 0.01 0.01 0.01 210.6· 355.5 494.4 • 0.1 
- -- ---- - --- ------- - ------------
- -- 22518 168~4 : __ - __ 1993_!)_ 297.:_ __ 7~ ~3 __ ~-?~2l... .. !!.2' ___ 1 2~7.:.8 ____ ----'~!..~ -- -~!2:~ --- ~-~ 
- - -~~~- -- __ 194~--- .:~E. ____ 3~ . ~9'\_.:___ ------~-- 14.9 1 10.2 ' 91.91 9599.9 16173.7 22085 .0 2.6 
#VA~~ ___ :_~~!J-~-- _!!VAL':l_E_!_ __ ___ 0___ ~!- _____ 01 _ 0 0!__ _ _Q~~.-.Q!__ #VALUE_! _ !_~~LU~ __ #':AL~ _!_VALUE_:_ 
--~V~!-UE! ... #VALUE! _____ :_~ALU_E_!__ __ -~ --~:_- _ __I_ I ___ 0.0 ~ _ ~~~-#VALU~! __ #VA'::l!~'-- #VALU~- #VALUE~ 
0 0 01 191 1 53 1 37 1 0.01 0.01 0.01 1596.91 1858.61 2243.5 1 0.6 - - -- ------
-- 1567~---- - ~~~ - ___ 89~~- 2341 -~2!.. 0.01 1.61 0.01 ___ 1_64_9 __ 3_.5 ______ 1_7_85 __ 7_.4 ___  25_0_2_7._0_! _ __ 5_._9, 





_ 3~~ - _ ':6_1 __ _1_~ ___ ___:lc;_• _ ___:I.::.O:_:_I _ 0:::-:_71:._......,::0::_.4:,:1 __ __ _:_3,:_97::.2__ _ 920.3' 1454.91 0.1 
___ 3_5_6 ~ _ _ __1_ ~ _ -- ~~----- I__ ____ .:.,:.:·o, ___ o::.:.7.:..1_---=o.:...4c:.' _ ___ 62~:~---- .::'3::.::8:..:.7:.:0:__ __ ......,::2 ..:.1::.:82::.:.8 _ ___ 0_.2 r- -
_ ___ 106_7~ I_ _ _ 77729 __ ___::5:.:3:..17:..:9_:1_ ......:3:.::8::.9_:1 __ _:::25:.:5:__ _ __:_14.:..:6:.:.' __ ___:1:.:.0:_1 _ 0::.:·:...71:_____::0::...4...:1 _ ___:5:.:9_::3.::24.::.8 84984.7 115171.3 21.5 
___ ,_09_1_ - __ 7:.:2:::5 _ ___ _:_3::c56::.:'---:3:.::6.:..• _ __:_19:_' __ _::5.:..1 _ _::.:1.0::_ _ _:_0.:..:.7.:..1 _ _:0::.4.:..1 _ _ ___:5::.::3~0.:..:_. 7 954.5 1378.01 0.2 
~--~12~00~~·-----7::.::5_:4.:._' _ __ .:..:48::.:5::.:i ____ 6.:;1 _ ____ ~2.:..~----~ '-l ~0-~0:..1 _ ___::O~.O:..:_I_~O . ::O::_I ____ 5::c0::.::5:~· 8~---.:..:_7~9.::1.::..0 __ ~12~5~5~.7-' ___ ~0.2 
~-~~- __ ..;,2.c.37_0 _ ___ I __ I.c.9_4_' ___ Ill. 41 41 14.91 10.2! 5.61 1327.:.:·_-3 __ 1_ _ .::_28=.:5:.::2::.1:__ _ _ 44:_.:.14.:.:·=2_!:___ _ ___:0::::_.5! 
I---'#:..:V..:..A:.::L:.::U.=Ec! __ _I!V_A_!,.!:J~ __ #_V_A_L_!:l_E.!___ _ _0_1 _____ 0_1 __ .....::.0:[_ __ 0:.:..0:..:1 __ ..:::.0:..:0_1 _ _ O:.:..O:..:I___:#:...V..:..A.::L:..:U:..:E,.:...! _  #_V_ALUE! #VALUE! #VALUE! 
#VALUE! ___ #VALUE! #V ALU~~-_16_6_1 _ __ 57_' ____ 4 __;_1 _ ___::0:.:.0c:.I __ O::.:·::.OI:_____::O:.:.O:.;.I_c#c:.V.:..A ::.L.::.U=E:..! -~#_:V:_A:=L:::U.::.E::..' _ _:#::_V:..:A_::L::.:U::.:E::.:!_.::#.:..:V.:.:A:.::L:::U..::.:...E' 
#VALUE! __ _!~A:.::L:::U::cE::.:!_:__#Vc.cAL:.::::.:U::.:E:.:.! __ ___::Ic:.46::;i ___ 4:.::1.:..1 __ __::0::_1 _ _::_0·.::0.:..1 _ ___:0:.::.0~1 _ _::_0-:.::0.:..I :__#V.:..A:..:.L:::U.::.:E=!...: _ _.::#.:..:V.:_:ALUE! 
#VALUE' #VALUE' #VALUE! 01 01 01 0.01 0.01 0.01 #VALUE! #VALUE! 
#VALUE! #V ALUE1 
#VALUE! , #V ALUE1 
1 I IR!day 
·-----------------~------ ------r--~-----------------'--~-~ 
1 ! 1 ; I I ' l rnin 
I I I 
_ __ 1~o __ _ __ J3_._9• ___ ----'1.-'-'0.-'-li'---_ __I_L_ __ o'--l- ----o:.,l_--=o=.5_t -~o·:=-3+-l _ ..:.0:.:.-' ;...1 ---='2:::.:.5:__ _ ___:1:.:6:.::.0.:..1 ----=-'8::. 7:....'---=o~.OI 
25.01 21.5 i 16.81 11 o l ol o.5 i o.3 l o. I! 19 . 2 ~ 24.81 29.1 ! o.o2 
l-------'-''3~.8=1----~'..:..'=·2 ________ 6:.:..4:..i ____ ..:..l ~l ____ __:6~~----~' l __ ___::o:.::.5rl __ _::o·:::J~i --=o.:..:I:...I ____ _.::6:..:.1.0~1 _____ 7:::8:.::.5_~ ____ _::9~3 -.:..7' ____ _.:::0~.02 
____ 14_.9_1 __ 12.11 6.91 9 6i 11 o.5 j 0.31 o.1j 62.5 1 72.61 79.3 1 o.o2 
______ 2_0._71 ______ 16_.8_; _____ .::_9:.::.6.:..1 __ __:l:..:lr-----=6.:...1 ____ :._:2.:._! ___ 0::.5::.:1 __ __:0:::.:.3~1 __ _:0:::.:-~11 ____ __:6~8=.3~1 ____ _::::86:::.:3~1 ____ ~100~.6.:_1 __ ~0~.0~3 
f--- 109.9' 88.41 56.8 i 21 1 i 01 o.o1 0.01 o.o l 65 .11 100.51 126.1 o.o3 
__ ~49.5 _ -~-~~~- ____ 2_8_~_9 1 _ __ 3_7_1 _ _ _3.~ i _ ___ --'-1-'-1 __ o~.o=-+1----'o:.:..o:..:.l_...:o:.:..o:..:.l ____ 4:.:8,9:.-:::9:....1 _ -~68::.::2:::.8.:..1 ___ .:..:8:.::2.::.:5 ·_:.;4 1~ __ .::0::.::.:..21 
_ _ _ __2Q~----- - ~43 ._!)_ 156.4' ~ _ __ _ 80_1 ___ _:2::;! ___ 1::4:.:.9 __ 1 _ __:_:10:.::.2:..:.i __ 5::.:·.::.:61_:_ 228.3 346.11 437.4 ! 0.10 
#VALUE' #VALUE! #VALUE! Ol 01 Oi 0.01 0.01 0.01 #VALUE! #VALUE! ; #VALUE! I #VALUE! 
• LCC calculations R/2001itres ; connect::io:::n~---------
' Rpv max I Rpv mid IRpv min lo pv ma.JIO pv mid IO pv mi~M pv ma:M pv mi M pv min IR pv max Rpv mid ' Rpv min 
8861 575 1 373 1 10681 497 1 lOl l 68.31 86.31 96.7 ' 2.01 1.41 0.7 
f-------
1648 1 7301 211 17291 898 1 359 1 121.o1 I09.5 i 70.31 2.01 1.41 o.7 :::~ ____ __:::::__ _ __ ~___ _::..~
1219 1 5151 169 i 1181 1 3901 1761 94.01 77.2 ! 43 .91 2.01 1.41 0.7 
l--------~----------~~~,'~6.:..7..:..9 · ~~~==--8,:..:o~' l----=3:.::48::.l ___ ,:..:o~84~1 -----'6:..:3~9 1-'---=36=9-r-l --='2:.:.9:::.5rl -='2:.::o:.::2.;..1 ____ _..:.9o::.2.::.:1 _____ :.::2:.::.o:...I ______ .::L4~1 ____ _::..o.~71 
16481 7031 2371 2715d 157131 99941 127. d 105.41 61.5:.!._i __ ......:.:l4::::.9::.:.1 __ _..:.1.::.:0-2.::.:1 _ _ _:5~.61 
16481 7031 237 2715 Ii 157131 99941 127.Ii 105.41 61.5 1 14.91 10.21 5.6 
16481 703 1 237 1 85691 7424 i 62781 127.d 105.41 61.5 1 0.01 0.01 0.0 
i ! l_____~l ---~~---~1:__ ___________________________________ , 
I I I 




- ---- ------ ----- ------~-- ----- ---------'- --+-1 -------------·- ~ ----'----1 
I I 
1---·- ---- -- --- ------ -----'-: -- --·----1·--------'-~----------·----- --- - ---- ------
----- ------~-- - ---------------'-----,---+-- +-' --- ------------ -----
1--------------- ------------~---------------~· ----~~ --~~----------------------------
I ' i 
---------------"7~---·--------,...l ----+~ ---r-1·-------------------
- ---- -- .. ------'- -- --- --__:_ __ __;_ _ ~----------------------
1--· ----




' LCC ·LCC 
Energy __ LCC amort _ Energy __ ~C~ ___ ..!_~~- -_____::•":.:.:•::.rgy!!L.--fi.:::LC:::.:::C_ 
MJ/day R/1 OMJ ! R/d ay MJ/day R/1 OM_J::_.'_RI __ d....:ay,__ __ ; M~J/...:.d...:.ayc_+-I RI_:__:_lO:..:.M...:.J=-t---·-_-_-___ -
minima minima I mid I mid ! mid 1 maxima I maxima I maxima 
_ :.5:..:.4_. __ _:_0·.::.8_1 __ _:_'-:..:4_1 ___ 1:...;1_;_.7_' ___ _l_:~~------=2c.:.8_1 __ _:1:.:.:6.:._1 _ _ .:..:'-.:.711-
5.1 _ _:_'-:.:.7_1 __ __::2-:.:.7...:.' ____ :._:11:.::.1:_ ______ 2_.4_1 ____ .::.5:..:.4.:_1 ___ .. ,:,::15::.!1 __ :.:.:3.::.6:,_ 
1.8 2.01 1.2 ' 4.1 3.01 2.5i 61 4.3 
1.7 1.2 ' 1.3 6.0 2.3 3.1 81 4.1 -- --·-------------~-
2.6 0.8 1.7 9.2. 1.9 1 4.2 12! 3.6 - ----- ----------------· 
5.6 1.2 2.1 11.6r 1.8 1 3.81 15 1 2.6 - ------ ----------------- ------------
56_ - - I.!_ ___ 3 . 3 ~ - _11_.6_, ___ _ 2..:2_ 1_ -- ~-1 - _ _ 15_1_ -~-
_ _ ~ ?. ____ 0 0~~-A_LU_E_! ___ _:1.::.5·:::5...:.1 :..:.##::.:#:.:.:#..:.#:.:.:##:..:• _ ___ _:.0::.0...:.1 _ __:2::3:.:.1 __ =0.0 ·- --
13.3 #VALUE!' #VALUE! 27.6 r ####### #VALUE' 351 #######l ... ---- .. ___________ _ ___ _:_....: ____ ~c:.:_...:.c._.:.:__ , 
64.8 #VALUE! ' #VALUE! 135.01 ####### ' #VALUE! 1731 #######" 





IJ , 1.5 
0.81 1.41 
IJ I 0.41 




1.61 2.7 101 2.6 --------..- -- -- -----
0.91 1.6 r 161 1.0 
2.3i 0.81 2! 4.2 
2.01 1.1 31 3.8 - - --- ----------
27.2 1.4. 6.7 34.0 2.01 36· 2.9 ----- - ------- ----
13.9• 1.9 · 5.11 31.61 1.6 • 8.3· 45 1 1.8 - -· -- ------------- ------· ---------,------
_ _ 6~~!V ALUE~:__I!~~LUE~- _ _ 6:~ -- _!'0-l:UE! 6i ll######il _ __ _ 
13.3 #VA~.!:J~#VA~- _ _1_1_:_1_:_ ####### _ #VALUE! 9lll######iii----
S.4· 0.7 0.61 140.0 ' 0.01 1.2: 81 1.4 
20.1• 3.01 6.11 
99.41 #VALUE!! #VALUE! 
117.71 _o:.c.s=-'-------"1"'-2."-9-' ---=9--=2.:..1 _ _ .:.:...:1 4 
I 06.91 ####### #VALUE! 86lll######il 
__ 2_.4 _____ 0._6_1 ___ _:_0'-"6'-i --- _]:} ____ ~~-- - -- ___ 1.:._4_1 _ _ ___:_1_;_41 __ ,1::.0 
2A 1.0 0.9• 7.5 • 2.1 141 1.5 
!---- ---------------
1.2 




0.8 0.6 r 7.5 0.9 • -------------- - - ---- - ___ 1.4 ___ _:_14.:.:1 __ _:0.:.:..9 
09~ _ _.Q:~ ~._6 , ___ o __ ~ ___ __:o:::.8c_ _ _ 7:_' _ _ __:1:::.3 _ __ _ 
__ o ·~-. --~L __ !4L __ _!2 _______ __:4.::.9_' _ __:1::6.:.1. ___ :::.:3.1 
14.7 ..!!.'0.!:-IJ~! .. #'!._A_L_U_E_! - - _42_.6~ -- I!_Y_A~L~U~E:C.! _ __ ...!_7~5!_!1 H!!I''H!"'~·H·~~H·I-
8.8 #VALUE! I #VALUE! 18.41 ####### #VALUE! 181 HHHHHH«• 
21 .6;-; ,;;."LuE!;-#vft:L:UE!- 81:ol####m-· -;y-AWE!--861;;;,;;;;;;, ---
36.01#VALUE!I #VALUE! 65.81 ####### #VALUE! 37 lll######il 
lumenhrs~ c/lOOOimh R/day 1 ell OOOimhrs:_ ___ .!.ll:::u::.me::.n:::h::o:.:,.l c/;.;.1000;.;;.;.;;.1m;;;h;.::r.:.s --I 
min min !mid 1mid ~ mid tmax !max lmax 
--~6~00~·~0-· ____ 2~.5~1 _____ 0~.~-"'-'--- 0~.~08~· ----~8.~0_1 _____ __.:;,0~.1 ~2 1:.__~3:.:.:6~00~1----~3.=3~----1 
1100.0' 2. 1! 0.09 1 0.14. 6.81 0.191 66001 2.8 
6oo.o 3.81 0.01 1 o.o8 1 . ..:9c.:..l:.;.l __ --=o~. l-=-3 +-l --=3:.:6.::.00:;.1 _ __:3::..6:1--- -l 
8~.0 1 2.91 0.~ 1 0.101 6.31 O. l d 48361 2.3 
1350.01 1.9 1 0.081 0.171 4.5 j 0.141 81001 1.7 
so::.O_I ___ s:.:s:::.o~l ____ -=-o·-=-o8~l _____ o::..oo~l _ __:l7~9~.2~1 ____ _.::o~.l~5 i __ ~2oo~l ___ 7~5~. 1~1_ 
IOOO.O i ___ 20)~- .. _0_.5_5 ~ ___ q,_Q2~ 60.91 ----~0-'.9-"8'-1 _4_.:000:...:..:.;._1_~2~4~.61--
-- 2~~-Q ___ 38:~1_- 0.281._. ___ ~-Q2 :_ 123.41 0.52 ! 10001 52.1 
40.01 #VALUEf #VALUE! 0.001 ####### ' #VALUE! , 80111######i1 - --·-
LCC IR!day 
min mid ;max 1minima mid tmax 
2705 .4 t 2987.81 3644.91 0.37 ' ~-------=-1~.00~·-----~------------- 1 
1253.2 4057.1 1 3680.61 0.31 1 0.741 1.01 -- -- ---- ___ :.:c_;_;_ _ ....:..:.:,c.t-- ----- --1 
1360.0 2618.6 2415.5 1 0.191 0.48 1 0.66 ---- ------------- ·-------- ---'-+---------1 
2798.7 4107.9 3554.3 0.38 ; 0.75 t 0.97 - - -- ------------~_;_;:_ ____ c.:::_;_ , ___________ _ 
~~~7·~- ..!~?¥:~ ' 28889.41 1.601 3.431 -~~----- '-------
11657.5 1 18764.61 28889.41 1.601 3.431 7.91 
7935.8i 10464.51 10292.11 1.091 1.91 1 2.82 
-----'--- ---- ____ _:_ _ ____ _,_ __ _,__ ______ ! 
i ---·-·--·------ - ---- --- --- ---------
·--- --- --- ------------ --------------
--- ---- --------- - _______ ;__ _____ ) 
--- -- -------- --------------'-----------




fuels cost of access I 
!appliance prices 1efficiency 
cooking minima middle maxima minima middle maxima MJ/unit worst 




____ _______!!'!_e_n ________ --· 0.24 ___ 0.261 0.27 __ _1_2_.5_1__ 27 .61 42.81 3.6 i 55 65 1 75 1 
-6~0-,--------6~5~,--------
m1cro-wavc 0.241 0.25 1 0.27 ' 12.5 1 27 .61 42.81 3.61 55 1 r------ -------- --- -- - -- --- '--------"-=--------=-'--------'-',;_c_ ______ ..:.::._ __ 
~aifin _ WICk - - r----· 1.-1 1.53 1 1.66 ______ O_I _____ O_.O_,;.I ____ O_.O_I _____ 3_7 __ '__ 20 27 .51 35 
f---- -----"p_n_m_u_s _____ f- lA · 1.53 1 1.66 , 0 1 0.01 0.01 37 301 -12.5 . 55 ; 
as nng 2.-15 , 2.8 1 3.15 97.5 1 178.7' 259 .91 -191 -101 501 601 
stove 2.45 1 2.81 3.15 97.5 i 178.71 259.91 49 1 .j() 501 601 
nod 3-stone _ _:O_I ______ ~0.-'7~3 1 _______ 1_.;..-1_6_, ________ 0~1 ______ ~0.~0'-I ______ _:O_:.O_.;.I ______ ~I -'7 .' ________ 1:..:3 __ _ -~1~4_1 ___ _:1~5-· --------
SLOVC 01 0.73 1 1.-16 01 0.0 1 0.01 17 ' 20 25 301 - ------------ - ----------- - --·-
ml SIUVC _ , _· ____________ #_V_AL~U:..:E_!_,_. ______________ ~0'-1 _______ o_.O_I _______ o_._o_l ______ f--27_' _______ 2~0:..:1 _______ _:2=5~1 -------3~0:..:' ____ -4 
1braz1er #VALUE! 0 1 0.0 1 0.01 271 61 XI 101 
water heating 
lee geyser --~o-=. 2~4-'---~o-=. 2=-=6~i ___ ~o=.2:..:7_· ____ _:1~7=.5~1 _____ -~_o_.8 __ 1 _______ 64_._1_'-I ____ -=-3._6:..:1 _____ 4-=X_,_ 701 92 , 
0.24 1 0.261 0.27' 17.5 1 -10.81 64.1 3.6< 96 · - ---="'-'---------"-c_;_ _____ ___:c_c:_ ____ - --------- ------ -- -
1.4 1 __1_~2_L_ ______ I.~-------O!____ 0.01 0.01 37' 20 
1--------~~--
araffin -- ~cklpol 27.5 1 35 1 ------------ -
lA 1.53 1 1.66• 0 1 0.01 0.01 37 ' 30 ------- - -- -- --- - -· --__ ---~mus/po~ - __ -12.5' 55' 
as m-linc 2.-15 2.81 3.15 97 17X.7 259 .9 1 -19 -10 50 60 ' 1'-- ---------- -- - --· ------------- ------------------------
geyser 2.-15 • 2.81 3.15 97' 178.7 ' 259 .9 -19 1 75 ---.r.!..=--------- ------------- --=::....... ___ .:.;..:.:'-------'-'- ..:..:..;;;:..:__ ____ =.::.;.:_,__ ------- 83.5 
.vood poll fire 01 0.73 1 1.-16 · 01 O.O i 0.01 17 13 14 15 
____ _ ___ polisiOvc ___ ______ 0 _ _ _ _:0,;.:.7:..:3.o.l ___ _ci:;_Ac.:6:_ ____ :..:c_OI _____ __:::0·::.0;_1 ____ 0::..:·::.0;_1 ____ ..::1..::7 __ ' ____ 20 25 < 30 
~ --~Wl::J m<egral) _ _ ___ o_, __________ Oi, _ ________ o _________ o __ , _______ o_.o _____ o._o~----- _ __ ,()()(_~---- ---='::..:ooo:::_ ____ ___:I:..:OOO='--
n1~- ---~l:_r/clectnc ___ -· -=o,c.2~4_. ____ ..co:..:.2:.:6:..:'----=o=.2=68:.:4 ____ __:1:..:7-=.5:..:1 ____ -~-=o-=.8:..:' ___ ...:.6-=4-=.l- --3-._6 ______ ,_60 ____ 2-=33'-.'-5-' - ---=3=07_' _____ _ 
·ual swveUackelipol) #VALUE! 0 1 0.0 0.01 27 201 33 , -16 , 
space heating 
Icc r:J.diant heater ___ o.'_ .. 4.:_ ____ .c.o_.2-'5-=5 ' ______ o-=.2_68_4_. _______ 7,..5_~_· ___ __l_ll_:o ______ 2_8._5 _____ 3,6 ___ ~~---~---~-
mllillcd ---=o=-=.2=-4'------'o:..:.2:c6:..:' ___ ....::o :::.2::.6_8:.4:....... ____ ...:7.:;.5=-·---· _ 1_8_.o _ ______ 2_8._5 _____ ~--- tOO ' 1 oo, 100 
heal pump __ o:..:._24_, ____ o_._26_, ___ o_.26X4 7.5 18.0 28.5 3.6 300 3201 340 
blower 0.24 · 0.26 , 0.2684 7.5 ' _ 1:..:8:.::.0:...... __ ___.:2::8c:.5:...... _____ ,3.:;.6 ______ _!Q<~------''-=00-='-----=.':.:00:......_ 
Far=af=fi="---h-=e-=ac:••-=r ___ __ 
1 
_____ 1_.-1_, ___ ___ 1_.5'-'3 _____ 1_.6_6 ____ ____::0_1 _____ ~0._0~----0c...~O_I ____ .:..37' -15 72.5 100< __ 
(~ __ ~~~ - _ ____ ~:~- -----=~cc:~:..:~: ~~~~~~~~:-l.:::I .~:~~~~-=9=7~.~=:=====- -:..:'7~~~::=======2=5~~::~=-: ====-===-1~91--~---·--I0-=~.:..~-----=9:.::.:::.~-' ___ ...::.::::.· _____ ·--"_ 
[;==slnve 0 0.73 . 1.-16 . 0 1 0.01 0.01 17' 20 -101 601 
~- s1ove • #VALUE! " 01 0.0 . 0.01 27 ' 20 401 601 
brazier #VALUE! 01 0.01 0.01 27' 17' 58.51 1001 
-lighting efficacy lumem 
lumens/watt •max 
~~~de~en< _ # __ ______ o::.·=2~4-='---- 0=.2=6~· ----~0=.2=6~K4~·--------.::2=.5cc' _______ _:8~.4~· --------='-=4-=.3:..:1 _________ :3~._6 ___ , ________ ~10:..:1 _________ ..ci:..:O~I --------~10~1--·------400== 
l------------------#-t - --------'-o_.2_4 . ___ o~.2_6_:..:1 _____ o_.2_68_4 ______ 2~_: ____ s_._4 ______ 1 _4._3~---~-- _______ ,1.:1 _________ .:.11:...... ______ .:.'.:.' - -- 660 
flunresccnl 0.241 0.26 , 0.26841 2.5 1 8.4 ; 14.31 3.6 1 501 501 501 600 
; 0.241 0.261 0.26841 2.5 i 8.41 14.3 1 3.6 62 ' 62 . 62! -~ 
# 0.241 0.261 0.2684 ' 2.5 1 8.4 1 14.3 i 3.61 75 ' 75 1 75 1 3000 
-------- --------~·------==~----~~- --=="-~------~----~~----~~-----=~----__:..::~----~------~----~~ 
e"~affin _ _ _:!:urricane ---- f---
prcssurc 
_1_.-1_' ______ 1_.5'-'3_1 ____ 1.6_6_· ____ 0_I ____ __:O..c.O_I ___ __:O..c.O_I __ ~37' 0.3 0.3 ' 0.3 ---~ 




2.45 · 2.801 3.151 97.5 1 178.7 1 259.91 49 1 , , 200 
0.48 0.501 0.541 01 0.01 0.01 3.5 . 0.2 . 0.2 0.2! 30 
' Uni ts/day I efficiency 
!200 litres nonmo minima .middle imaxima minima I middle maxima IMJ/unit minima mid maxima worst 
~c ______ . _::.fnc.d:..,ge~on=l,_y ___ 
1
1- 0.24 1 0.261 0.27 ' 12.5 1 23 .8 1 35.01 3.61 0.35 i 1.41 2.401 
~--------=C~rid~g~c~fr:..:~=z=er~(~to:r-----"'0=.2.:.4~1 ____ ___;0~.2~6~1 ______ ..:0::::.2:;.7_' ------=':..:2=.5~1 ______ =23 =.8.:.1 ______ 3=5~.0~1 ______ ~3-=6~1 _______ 1.:..0::.3:_1 _______ 2::.·.::0 '--=----=2=.~~~ ---------
c-------"-'h':!t_f_re_ez_e_r _ _ ______ 0:...2:.:4_;,1 ___ ..coc .. 2:.6_.,_ 0.27 12.51 23 .K: 35.01 3.6 , 0.67 ' 0.8 , 0.95 ; 
_ -·--- ~righl freezer ' . _ ____ ..2:_~--- ~6_1 _______ 0 __ .2_7_: _____ 1_2. __ 5_1 ______ 2_3._8_1 ____ 3_5._0_1 _____ 3.6_1 _____ 1_.0;_9_1 _____ 1_.7_' ____ _:2.:..40:.::._1 ___ _ 
gas fridge/freezer 2.45 2.81 3.1 5 ' 97.5 1 178.7' 259.9 1 37_' ____ _ci:;_·:..:IO:..:I ___ ____::I.::.I:.._ _ ___,:I.::.Ic::O.:.I ____ _ 
l----------=-chc:c.:..st'-'f'-re-'c-'ze:..r ___ 
1 
_______ 2_.4_5:..1 _________ 2_.8_1 _______ 3_._1_5_• _______ 9_7_.5_1 _______ 17_8_.7_1 ______ 2-'5-'9-'.9_1 ________ 3:..:7~1 _______ 1c.. I:..:O_I ________ I:..I..;.I ______ _:I.:.:.I:..:O~I --------4 
paraffin fridge/freezer 1.4 1 1.53 1 1.66 0.01 0.01 0.01 49 1 0.76 , 0.81 0.76 i 
1------'--· ----· 
1: U.:..:h and Go-en ( 19117) II : Hcaaer Mower ~ncat•om 
-------------------~~~~~~N=~::.m~(~I ,;.:~::.)~-------------------------------------------------------------~12.:.:H.:.~~~~~~~---------------------------------4 
~~7JVI~~-'----·--------- ------------------------------------------------l3_: _Tooa __. _(:_l9_M~)------------'--------------------~ 
_ -----·------ - ~KIC ( I9QJ) ------~--- - ---- ------------ ·---------------~ ... (1 996_) --· 
. 
~------- --
.5: AlliJon &: Out.lucwta In Vllp:n (IWJ: I_:;I l:.._ _____________________________________ 1_5_: Mocro ___ s,:_(1_996--'.)_l ---------- - - -----J 
6: McGranahan!!t.a.I (I980).Sm~tb ( l981)lUidSianford (undatiJd) tnGill (l 9111) --------------------------'-="':..:A_:ussols= (1996} __ ----------
7: 8\.'1.1~ (1993) ------------------ ------------- ------------------·----------'-7_:T_a_I~--~P_996--') ----------------------------·-
_______ ~~anl!tal~---------------- ------ - - --------------- ..!!_ValuaSuper(1996} 
~ Honf:lll < 1 ~n 
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__ --~r (1~)_1 ___ 
20: Gas MasLCrs ( 1996) 
- -·------------ -------
Appendix C 
----·-- -------·---- ------·- ----- ----'- -------------- ----------
' -- ---- --------- ----'------ '-------- - - - -·-- - -------------
--------------- _ _ ___ _ _,_I a-'p...:p_li_a_nc_e-'p'-r_ic_e ______ - - - ---·-- - expected servilhrs/day 
reference !mid min reference hours .low 
I ----·-----------4.;;.5_1_• - 287 .81 12411-1,15 4000.01 4.0• 2.7 
- -·-- - - ---'-' ---------·----·------ ------·- . ___ 4_4 __ 70! ___ 3_03_2_.4_1 ______ 15_9_5_11_6_.1_7 ______ _ s_ooo_ ._o_l ____ 4_._o_, ___ __22 
4· 4356 1 2542.2! 728 117.1 7 10000.01 2.01 13 .7 
221 . 122.01 23 1 18.1~ 2190.01 8.0 0.8 -·- --'---- -------- --------------=c:_ _ ___:.=.:.._ _ ...::.::.-=.;.:...._ ____ __:::.:..:.: =-____ _ _ _ _ 
---- ------- --- ----- ---- - 2_2_1'-1 ___ 1_4_2._5_1 ______ 64_12_o._1 _~ _______ I_0_95'-._o_: __ . ___ x_.o _ _ _ 
55 1 40.01 25 120.21 -1380.01 4.01 ------------·---· 
41901 2543 .3 ' 897 '20.20 8000.01 -1.0 - ---------- ------ ---·---------- ----- --
01 0.01 01 20000.01 4.0 
__::.;_ __ _::.:.::.;___ - - ------------- ----
14001 873 .01 346 122.22 20000.01 -1 .0 -------~- ---- - ·- -------- ---
14001 873.01 346122,22 20000.01 8.01 - --· --·---------- --------------------- ·- ------· 








7 IOOiilrc 2632.26 1 1952.81 1273123.23 10000.01 2.01 13.7 
--------~--------------------------------- ·------
7' ----- ---------- -- 3.1 lO I0.5Vmi o ___ lcc1:;.:..:5 .1.~7'-'2·-l---10.:..:9.::.3...:.8_, ____ 9_36~3-1_.2_4 _ _______ 5_000_.0_• -·-- 0.5 __ c7.-l 
I 221 1 122.01 23 1 1 K.l~ 2190.0 2.0 ' 
·-· --------- -- ·-------------- --- ·----------------- ---- --- ---- ·-- -------
1 22 1; 142.5 64 . 20. 1~ 1()00.01 2.0 -------






_ ---- ------ ----·- -------- - ·---...:5_700= 1 __ __:;55'-8'-6_.0'---- ___ 5_47_2 21:3_1_ __ . ____ !OI_JOO_ .o__ 2.0 ------
-------- ---·--·--------- _...:o~~----'o~.o~'----~-~ ~-----·------~-·o _ ___ l._o_. ___ _ 
13.7 
0.0 
--------------·----~---2 __ 1_3_21 _ _ ._1_50_7_._31 _ ___ 8_82 __ :_2_2._22__ KOOO.OI 1.0• c 1.9 
-·------- --~~-- ·-----------·--- - - - -1:.;:00.::.1:...:&=50:.:1 _ ____ ..:;2.::.05::.:2:;:;1 ___ 1:.;:8.::.05::.:·.=.8_' __ _..:.1::..56"'0-"12,,5'-".2.::..6 - ____ . _38._00_ .0_1 _. _____ 8_.0_ x.o 
8.0 
34.:! 
12 . 2001, 200kPa 85501 7980.01 7410126.16 -13800.01 8.0 1 
- ------- ------------·-·- - ·--- - ----'---- -·---'---- ---- - - --------'-'-'-...-'- ---'--
1.5 21321 1507.3 882!22.22 50000.0 • 4.0 
----- --------·-- - ·--- --- - --·----- -----'3:.:1.:..7;..i _ _ _..:.1.:..78:.:·::.5 ____ ..:40.::.::1.:..7·=27:_ ___ __ _ ..:;5..:;000= .0:.1:_ __ . __ _::Q __ ·---~ 
_ ___ 9,.;;.5.:;.3 _i ____ 6..c.07_ . .:;.0_I ___ ..c2_6_1 __ ' 1_4.'-15'--- ---- --'5::.:000= . ::.0_1 _____ 4_.0___ 3.-1 
80001 7000.01 600012R.2R 130000.01 24.0 1-1.8 -------
2501 209 .8 , 170117. 17 5000.0 4.0 - ·----------------··-··------- --------·------·------'--'-C-. ------I I 3.4 
·-------------·--------~5-=-o ' -----'3:...:5...:.o _____ --'2~0~I ,~'-.I'-~--------~8000~=·o ______ •.:..·o'-- -~ 
7381 -130.8 124 20.17 4380.0 • 4.0 3.0 --- ---------- --- -·--- ---
9.5 01 0.0 ' 01 20000.0 4.0 
- -- . ___ 9 _________ ____ _______ __ , _______ _ __ ..:.14_00 __ 1___ 8_7_3_.0._1- __ 3_46_•2_1_.2_2__ 8000.0 4.0 




0.7 01 0.01 01 1000.0 ' 4.0• 
____________ -2w::.•t=W::.l~OOO~l=u--_ ______ ..:.l h~rs/~I.::.O~ll.:..h~ ----- - - - - - --- - --------------------------------------
min max min max min 
4001U 100.001 100.001 2.501 2.501 2.71 2.41 2.1129.27 1000.01 6.0 · 0.5 
66018.8 90.91 1 90.91 1 1.52_' ___ 1_.5_21 ____ 3_.0_1 ____ 2_.6_c1 ____ 2_._1_29_.2_7_ 1000.01 6.0 0.5 
l---_:.600=18::::.8::_ _______ ___c2:.:0.:...00=1 _ _ __:.20.:..:·.=.00;:.;1 _____ ...cl.:...6:.:7_' _ _ _ .:..;1 .::.67_1 ____ _..:.6.:;.81:----'6.;;.0.:..;.7-:- _ _ _ _::.:53 129.27 5000.01 6.0 2.3 
1250!8,8 16.131 16.13 1 0.801 0.801 55 1 54.5 1 54 1 2~.15 5000.01 0.01 2J 
300018.8 13.331 13.33 1 0.33 1 0.33 1 68 1 62.71 57127, ;, 5000.01 6.01 2.3 
2018 3333.33 1 3333.33 1 50.001 12.50! 141 11.01 Kl30,18 4000.01 4.0 . 2.7 
__ 5.QI!!! ______ .:..8:::3..:;3.::.3.::.3,_1 __ :8::::33:.:.3:::3:.:1 ___ __ 2.001 0.671 2391 219.01 199 1 1 .:.:~·=-31:_ ______ 4000=:.:·0:.;1 ___ _ _..:.4:.::.0;..1 ___ ..:;2.::_.71 
____ 300_ 18 _ _______ .:.IOOO:~·c:.OO::..• ___ I.::.OOO=.OO= I-------:-=-3."-3"-3 '-------=5-:.oo~l ____ I0'-'5-;-1 ____ .::.84_.::..5_1 _____ 64:-:-;-12_0.c..2_0 __________ 4000:;.;.;;._,·0-:l _____ 4~.0:...•___ 2.7 
1018 5000.001 5000.001 100.001 33.33 1 0.65 1 0.51 0.35 131,31 10.01 4.01 0.0 
1 I price j price I price volume range 1 volume 
middle I best 1accept I reference 1 max I mid min volume (cu.n) i max mid 
____ -· _____ ------·---'3:.:·.=.33:.:·.=.34.;.._ _ _______ ___ ..:2:::2::..99ccl _ __ 2::.40= 3,_1 __ _:2::.50.:..:7:...1.:..14.:.;1.::.5 ____ ..:;1.:.1.:...:8--to~l3~.6'--------.::3.:.85:...' ___ ...:3:.::6o:.
1 
__ --- - -------·-·----- --- ---"'i3c:.•.::.33:.:'.:;.3_4 __ . _______ _ 4_2_7.:;.3_.2_9~! ____ 3:...04:.:.:;.8_1 _____ .:.:1 8_23 116.17 8.8 lO 11.7 _____ 3_2_0~- :!85 
___ -· -·-------:.::'3:.:. 3:.:3~. , 3:..:4 _ _____________ ::.3.:.:16:.:2.!..1 __ _:2ccl5:.:0:.:1 _ _ _ ::..11:.:3.:.9-=12.:.;7,::.27'------4..:.::.2.:.::to ...I:...:0:.:..6:_ ______ 4..:2=0-• ___ ::.27:.::.0
1 
. - - --------- ___ 3._3_3. 3'-.4 _ _______________ 4.:;.3;;_55:;.:1 _ _ _ ..:;3.=.34_7_1 ___ ..=2.::..3'-39_1_17-'._17 ___ . ___ ____ 11_.7_' ____ .=_33_0_,___ 330 
__________ _:.::3~.3:...4 _________ :-_ _ :...42~7:.::5_1 _ _ _..:2cc9=-36:.:1 _ ___ .:.:15.:.:9.:.1i-=1 2.:.0·:::20~--·-------------·---2=2:...:0_, ____ 165 
3,34 4275 1 2936 1 1591i l20.20 2201 165 
~---- ----·-----------------~----·----r1 3.:.::.3:..._4 -------------,----4-"27..:5:...1 ___ 2::.:9.:c.3.=.61'------'-1::..59-li-12-=0:.:.2.c.O ___ _____________ ___ .;;.IOO~I -------'I-"OO~ 
21: AOC (1996l !JI:DpeUnion Ma1 (1996l 1 
22: OayJr.Solu (1-) __ J:f3::2::...:Sim=monda==&:.:.Mammon=='-'(-"1996=)--'-----l-----~;-----------;------;--- --------j 
23: P.,..., Plnc:ho<o (1996) ! 133: _Fridge-=._Mas __ IM-'(:...1996-')----'!---- - f- ----'- - ------- -------·-------- -·- -----1 
24: AEG (1996) --. ------ --------~ Powor Poopio ManJiac1ur'llfo cc.J1-) 
!------ ------·--· -------------
~=~.,!.'-~ (1996..l______ -------------------- - - ---- · ---- - --- - - -·-----·-- - -----· - - --- -----
26: Sol Ene<gy (1-) --------------- ----------------------- t---------- -·-·----- -·-------·- - -------
!~Ok>os ( 1996) ----- ___ ---- ----L----- - ---- -----t---------- ------------- - - - -----
l'2:.::8:.::C:.:""":::..:Enol1ll'= = 1.:.:993:.:.-:..l ___________ _ _ _ _ ~-----------------t----------------- - ---------------
!9~ra'!'a (1996) ----·-·-
3U: Mowbray StaiiOO Superette:( 19%) 
------------- --------- - -·- ----------·------ -· ·---
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Appendix C 
... ----- ------------------------------------------------- ----- ----
------ _ - - ----------________ ___ J.. _________ ......:O!:P:::•rc.::•:::li:::n,_g ________________ __.::.dr=:.:-:._ ___ _ 
years hrs/day years Units per hounRIIOMJ min mid •max ave power ref. 
mid mid min high vol.or mass min 'mid •max R/ye.ar Rlyear R/year assumption 




1.0• 2~1 ~-~-'----~~ ~-9. ci ____ _:I~I _____ _:I ~I ____ ~---~1..:6~H-I ____ 44~2~. ___ _:7_4~5_1 -·---~ -9c _____ ~,2=. 11 
0.5 • 
1.0 
54 .H' 1.51 I I II 66 1 1701 2941 1.5 -----------------·--


























7.0 17.1 --- ---·- ------
7.0 17.1. 











_ 12_.0_1 _____ .::0 .:.2 __ · ______ .:..1 ~! --------~---- --"'---·--'-'17cO:_' ------~_:8:.:5___ M74 0.2 
21.9 0.1 l o I 2' 170 485 1 874 0.2 ----
54.M ~:._ ___ OL ___ _ 31___ !l _ _ ___ 1_73_2_: ___ 0' 2.6 
54.X 2.61 0! 21 -l 1 0 1 1732 1 5542 2.6 
-----~------
27.4 4.01 #VALUE' #VALUE' #VALUE! #VALUE! #VALUE! #VALUE! 4.0 • ---------- ,-~=="--- ~=='---=-=='-------------· -- ·------
1.41 4.01 #VALUE! , #VALUE! #VALUE! #VALUE! #VALUE! #VALUE! ~ .0 • 
~54c:.M:..:1 _______ :.3 .' ____ _:1~1 ______ lc,l _______ .::.2' _____ IE_:_ ---~-9 1 __ _ 
27.4 ~ 1 I I I i 397 ~~~ ~ 441 --- ---·-----'-------'------------'----------------
_!_2"~- . _ _ -~-~ : _ ___ __.!_!._ ____ __3__1 ___ ___].:__ ___ __23 ______ -~.!_ ____ _:::15c:.K~I 





0.5 24.0 I.X5 I I I I 2: M2M' 1419 2129 1.85 
0.62 
--- ··-
0.5 54 .M· 0.62 I • 276 7MM 1419 -------- --------
1.0 o.o . 01 31 0 693 1386 ·-------------------------- ------------------'--'--
__JJJ:_ --~---__] ' 01 _ 21 _____ 41_ 
6.01 15.01 2: 01 01 0 
6.0 15.01 2; 01 01 01 
2.01 68.5 41 #VALUE! #VALUE' #VALUE! 
01 693 1386. 







----- 2.5 _ ____ 5_.5 _____ __JJJ ___ ~ _______ 2c~: ____ .:..1;_ ___ .:..1 :...' ____ .:._ ___ _::_2~:__ ___ _:1.:..16::.;i ___ _:2..:6.!..1 ----~--
5.5 . ~cQ _  - - _1_3._7 _____ .::.2 _' _____ .:..1.!.., ___ .......:1.:..1 _____ _:_ ___ _:2:.:9_' ___ ...;1.:..1.:..6_• __ _:2.::6.:..1 ____ ~--
l~ .M 24 .0 l4.M· 12 ---~0,,1 _____ ~0:...1 ____ _:0 __ ,__ ----'-4:::23:...4.:_• __ c;67.:.c0:.:2:...' ___ _:_940= 5'--·----·_!_2_ 











l .5 x.x 1.0 ...!.9:~-- ____ 0.::2_. ----~0;._1 ----=-' ~1 ____ .:..1;._1 _____ _::3;_7 _____ .:..7.::.0 :...' ___ _:1.:.6::.2:... ___ _:0:.:.2::._ _____ 1:.11 
2.5 ~ . X 1.0 12.0· ___ __:(::J.4 ______ .:__ _____ l~i----~----'--6:.:0·c... ____ _ 25_6 _ _____ 6 ..:13'----·---~-.4_ ! :UJ 
2.5 _ -_' IJ _____ __!;(!_;___ _ _5_4_.M _____ :.3.·----~0:.cl _______ 0_1 __________ 0_1 ____ 4.::3~3 _____ 1:_:8;_4;_7 ________ _ I.U 
- --- _ :::2-:.5 ____ __:M:::.M::._. 1.0 I 21.9 ' 3 ' 01 I ' ~ . 0 ..:.~:.:33::._ _ __:1:.:M.:..47'-''----·-· --- - - l. tl 
4.5 12.21 _:_'-:.:0;_' _____ .:.5.:..4 .:.:8~: _____ _:4. ci-=.#.:..V.:.cAL~U.:.E::.;!_:_• _::#.:..V.:.cAL~U.:.E::.;! _ _.:..#V~AL=-=U:.:E.!..! _ _:_#V.:_AL~~U:.:E.!..! __ ~#V.:.cAL~U~E~1 --_:_#V~AL~U~E~!-----·----- l2.U 
2.5 1.1 J.O , 2.7 : 4: #VALUE! I #VALUE! #VALUE! #VALUE! #VALUE! #VALUE' 12.U 
lumen/unit cents/1000 lumen hours 
..:lu::.:m=enh=rs/MJ=-..:, !Illll::._==:.:..:=l:.:' nu~.-=d :..:.:.=.... _ _ max ______________________ ------- ·-
3.5 O.M 1.0 2.7 277M I 2.41 2.61 2.7 1 5.3 • 19.5 35 0.06 --- ------- - ----------i----'-'-'----........:-"-___ :..;::_ __ ,c;_:. ___ --"C:..._ _____ =:_: 
3.5 O.M I 1.0 2.7" 30561 2.2 / 2.3 1 2.41 M.K I 32.61 59 1 0.10 
______ 3.5 _______ 3_.Y ______ __:I~.0'-' ------~13~.7, ______ _:1.:.3:.::.:MMY~I ------~0~.5~1 _______ 0~-~5 1.:__ ____ _.:.0~.5.:_1 ______ ~1~.1~· -------~3-~9~1 ______ __:7~1------~0.~0~l---
3.5 3.9 1.01 13.71 172221 0.41 0.41 0.41 1.1 4.2 ! 81 0.01 
-------3-.5- ----3""'.9~,-----',"'_o-, ---..:,3c:.7- ,---2-:-os'"'3"'3 -l ---~o"-.3i[----o'"'_c:3/'-----'o'-.4-l ----,:.:.6:...,---·--'5.=9~1 ___ __.:ll:.:l ___ .:.o.=o2.:__ _ ___ , 
2.5 4.4 ' 1.01 11.01 Ml 45.4 [ 49.61 53.81 M.3 ' 22.61 39 1 0.016 
--~~--~2~.5~ ---_--_-_-_-4.-4-, ~~~~~~~~~.0~1 ~~~~~~- ~~-1~-.:...0~1--------3~2--: ------~l "-'1.4~1-------,~2."'4~1------':.:13~.5:.:1 _______ 4~1.~41------~11=3~.2~1 -------l-=-97:...1 ____ __.:0~.0~8-=l ----------
--- --'- ~-___ llc...o~ ----2.:..0_1 ___ ....:18"-.0'+[ ___ .::2_0~-~6 ['----~2=3'-'.l-'-1 ____ .:..:16::.4.:...1 ____ cc46~.9:...1 ___ __:8:..:4.:...1 ___ ....::0:·.:0:1: 8, ___ _ 
2.0 . 0.01 58 1 250.4 [ 266 .1 1 281.7 / 36.61 57.1 1 821 0.104 · 
2.5 4.4 -- --------· 
3.0 ' 0.01 
__________ __.:• •~•IP.::.~~t.::.ed:..:.••~~cci.:.:i h.:.:r.V.::..:.d.::.•~Y ----~Y~•=•~rs~----'-=h~rs/=d=a~y----~~LY•.:.:•~rs~----~[.:.:h:.:rs/~d:.:•~Y ____ ~[~Y•.:.:•~rs=--------~ =-U..:n•.:.:·u~p~e~r=h=o.::.un.:.:<.:.:•.:.:n.::.tsn~it=ru~d.::.•~Y~I ---------------------
min hours max low - mid lmid I min [high 'vol.or mass min I mid I max 
___ 3_3 __ 5•- 1314001 10.01 15.01 20.01 0.022 1 0.097 ' 0.19 
---~~-- ___ 1_3_1400 __ 1 ______ _ _______ .:..:IO:.:.O:..:I _______________ _.:..I5~.0=I'--------~------2=o~.o:..:' ______________ ~o"'.o_78~1 ______ oc...:...'7--6.:...1 ____ __.:o:.:.3:...1 ____ __ 









10.01 15 .01 20.01 O.OMO I 0.135 / 0.20 
10.0 ' 15.0 / 20.01 1.2251 i.M67 1 3.15 
------------~10.:.:.0~1 ________________ 1:.=5.:.:.0~1 _________ ~ ____ .:.:2.::.0:::.0.:...1 ____________ ~1=.2'-'25~1 _______ '-=86--7_1 ____ _..:3::.1;.=5 ____ __ 
10.01 15.01 20.01 1.0701 1.1691 1.27" 
--------1--- ---'-----·-· --------------- --- --- ----. 
-~---- ~--· - ~--"-------'-------·---------- -
---- ----------- ----- ·----
.. -------------'----------------------------
i 
·- ------------'---------- -----------·-·- --- ---
1 
I ------ -----------------------:- ----:------------- -------·--





0.1 . - -------
--------·----------- - -----------··---------·--
---~ ~ -----~~~c~o~p~=--------~~~-~ --------------------C~o-n_n_K_t_io_n _______________________ L~C~C-
CC calculations ------ --· ---"-·------·-------------------r----·--··-
~pv max Rpv mid Rpv min 0 pv max 0 pv mid 0 pv min M pv max M pv mid M pv min R pv max Rpv mid R pv min min 
34M 
2~52 . 






















3~0 28~ · 
201 \58 
. .:.7.:.0 _1 ______ ~2.::.8 ;.1-- ---~----2_.4_1 --- \ .~ ___ Ql_ _ __ 1272.7 
~5J~"0~1 ___ ~1~~.:.7_1 ___ 2~0~1 ----·~2~.4:.:.1 ___ ~1.~~----~0~.7~---~3~0~83~.7 
236 • 47 1 Ot 2.4 · 1.6 · 0.7 13K7.5 ---·-- --------- -----------
0.1) .:_~_ ______ l~_____________ _:o::.O:::Ic_ ____ 0.0 _ ------ 313.6 





































liMX 360 -------· -- -- - -
1 ~45 1701 




2173 1 17K2 ----- - --- ---
3555 1 2750 


























XI 41 14 . ~ ' 
4~7 1 165 ' II \4.~ 1 -------------------------------
0 1 0 1 0 1 0.0 ------ -------- -----
76 · !~ 1 il l ..cO:.:..O:..I ____ _ 
1461 46 1 0.01 ---·------ ---------- ------
0 1 0 1 Il l O.O t 
_.:l.c:43;:_1 _____ _:3c;.6_ ---·----




























0.0 0.0 -----· 
11.0 345 .8 
0.0 #VALUE1 
0.0 #VALUE! 
13.1 2603.1 -- -·-·· ----
7.4 4~27 .M 
lUI 250.0 
0.0 201 .9 





6~08 104· 2745 30~ 1 \4.~ ' 10.2 ~\.~ XJI 1.6 --·-- - - - - ·---- .. -
0 0 • 1)1 {) I 1)1 0.0 0.0 • 0.0 0.1) ---- ---- ----- --------· ------
\0~ 12140 6070 : Ot 53 28 ' II 0.0 0.0 0.0 X93 .\ ----------- ------·--- ---- ---·-----------·---- ------ --------
373 0 I) I) 191 53 37 0 .0 0.0 0.0 1596.9 ·--------- ---------- ·----------
- __ 12_1_~_ __ _1_567_!_. ___ .J 04X8 _____ 1_07_~4 ~-----7_9_8_1 _______ 2-'3_4_, ________ 17_7 _______ -~o-'.0-' ·-- _ 2._3 ____ o~-- -~m 1.4 
;IVALUE! #VALUE! #VALUE! \6 . 0 o.o , 0.0 0.0 #V ALUE1 




... _E.8.!_ __ . ___ :73 ____ _2_1_4_, ________ 1.:.3~8_1 -----·-'-5_4 • _ _______ 7 _______ ._lc:..6:..' ______ __;1.:..0:__ 0.4 482.8 
71188 1 50730 · 32046 , 389 1 255 \41i 1.6 · 1.0 0.4 38192.~ 
473 214 · 31i • 19 1.6 1.0 0.4 -------- ------------------------------------------. 
3~5 22~ 1 Ii i 21 0.01 0.0 • 0.0 ---------- ------ -------
728 
li57 
1525 554 _ :7l_ _ _ 40 93K ~o~ .- ___ 1_1_1 _____ . 4_1 __ -------··· __ !4:2__ 10.2 5.6 
3X9.4 
250.2 
53~ . 7 
0 0 0 13467 3794 0 1 0 1 0 1 0 1 0.0 0.0 . 0.0 
1- .• ·· ·---------- ·--------"""------------
0.0 
349 .~ ____ 83_1 ___ _ _3_79 _______ ~~3 _____ 7515 _24~~- ___ ~~----:.:lli:::li.:..' ______ ..:.._57~-------'4 _______ _:0:::.0:_ ____ Jl.:O ____ -~0 ___ _ 
n~ · 274 t-------·---
0 ' 0 
2.2 
2.4 
____ 2 #V~~. __ # __ v __ AL~U.::.E~'-· _ __ #_V_AL~U~E.::.'--------~14_6_, ________ 4 __ 1 _________ 0~1-------~0c:..O~I--------'O~.O~' --·-----~O~.O~-#-V~AL~U:E~! 
0 1 #VALUE! #VALUE! #VALUE! Ol Ol Ol 0 .0 1 0.01 0.0 #VALUE! 
1.~ 
1.~ 
----· -------- ···---------------------------------------· 
__ 12.~~--·--- ~ -· _________ o _t __ . ______ o __ , _____ ~·----- ....<!.:5__ __ Jl.:J_ t4 .~ 15 .0 ' \4 .1 . - --- --·- ----
25.01 23.4 ].~_.3_1 ____ __:_1;_1 ______ __:0;_1 ______ .::_0 1 _____ _:0.:.:.8:!.1 ______ _;0::.5'-'- 0.1 22.7 
42.~ 41.8 \4.4 13.8 ' 12.2 . 7.7 : II 1 li t I ! 0 .8 1 0.5 0.1 62.3 
1---'='----C "'-----'-- ---···- ---·--·----·----·--------·-'------ ·------'-;------'-·-·----·-- -·-
____ 4_3;_.4_• _______ 3_7_.5_~---·---\4.6 !__ __ 1_4.~~----13} :.__ _____ .:_8._4_.:..1 -·------~9_1 ________ .::_6 ;_1 --·------'--------0"'."-8_1 _______ 0:.:·;:.5 _· ______ _;0:.:·:.1 _______ ~4.0 
. _45.9 :_ ___ ~~-- __ 15_.4_. ___ . _2_0._7 1_..:._ _ 1 . .:8.:.:.3,_· __ :_1:.:1.6::.;1_. __ __:1..:.\.:..l _____ __:6:..' ________ :_2_1 _____ . ..::0:::.8:..:.1_____ 0.5 _ ___ .!'c~-- 70.3 
\0.8 7.2 
IX4.\ 











1~4 . \ 1 
0.5 





268.5 1 37 ; 22! 7 1 0.0 1 0.0 ' 0.0 474.5 
106.5 1 161 8 1 21 14.9 1 10.2 5.6 \78.3 
o.5 · 0 1 o l 0 1 0.0 1 0.01 o.o. o.9 
LCC calculations 1 RJ2001itres 
Rpv max Rpv mid IRpvmin IOpvmax IOpvmid 0 pv min !Mpvmax M pv mid M pv min 
~-----------------------------------------=8~86 • ______ ~5~7::.:51 ______ _:3:_73~1 ____ __ci~0=68:.:1 ______ _:5~41:.:1 ______ ..:.1::;22:.:1 ______ 6~8.:.:.3;_1 _____ 8,~~.:.:·3. _______ ..:.~.:6 .:..7 
____________________________ l.::li4.:::8::: _____ ~7.:3:o_t_:. _____ 2:::7:.:1.:.: ____ __:1~7.:.29:..:1 ______ 9:.:.:77_' _____ 4.:.3:..31 _______ 12_7_.o_, _____ lo"'~-'.5'--· ---7-o_J 
1--- . -··- ---
------ ___ _121_2 ______ _:5~15,.:1 ___ _c;l6:.:9._1 ____ __:1..:.1::..81:.:.1 _______ 4..:2:c4_: ___ . .:::2.:.:13:;.1 ______ .:..~4_;·.:.0 1 _____ _;7_7:.::~-· --~~ 
-·· ---- ____ 1~_7~~------8'"0:..:1 :..' ------~3-'48:.:1 _____ :.;10~8~4~1 _____ 7_4_~._1 _____ 444 __ 1 ______ 1_2 __ ~ ._5 · ___ 12_0_.2:____ ~0.2 
lli48 _________ 7_;0.:.:3_' _______ _:2;:.37~1 ____ _..:.17.:..4..:.9..:.0.:..1 ____ _;1.:.:0.:.36=5~1 ____ ~6:.:::80=2:.:l ____ __:l.:::27.:..  .:..1· _______ .:.:10.:::5:.:.4_' _____ _.:6:.:1.:.:.5 
lli48 , 703 1 2371 174901 10365 1 6802 : 127.L \05.4 61.5 
'--- ---- --- · - ----- -------·--·····1 64x l 703 1 237 : 70421 64901 593~ 1 127. 1' 105.4 1 ~1.5 
--- - ------ --------- -,----------'----------·-.,.------------··-
------- -· - -- ·- .. - - ---·· ---- .. ·- __ ::;. ___ __;. _______________ ,__ ___________ _ 
--····-- -------------------------------'---------------
--------------------·--·--------- ·---------· 
- --- .. ------------------------'--------------
------- ----------------------------
--------------· -----·--------- .. - ------- -·. 
·-· -- ·- --------------------------------- ------·-




LCC ------ _ -------- .c::L_:_C__::_C _ ______________ __:_L-=-C.cC _ ___ _ ____ _ __ _ 
CC LCC amort Energy __ L_ C_ C _ ___ ::•mo= rt:_:__ _ __ ___:' E:::n:::•::r_,gy,_ __ ____:' L=-C= C ___ ___:• :m::o:::rt__:__ _ _ ___:e::n:.::e"'rgy""- ----=L:c:C:_:C_ ___ 1 
'----------- Rlday MJ/day RIIOMJ Rlday MJ/day 1 R/IOMJ Rlday MJ/day RIIOMJ 
r------ ------------- ----- - --
minima mid •mid mid I maxima tmaxima maxima id max min m1nima 
L0 1 1_5 , 11.71 1.3 2.X I 16 L7 1907.2 2324.4 0.5 5.4 J--_____.:.'-==-----=--:'---'------ -------- - --- ----------------------------- - ------
5735.5 X03 L6 o LO I 5.1. ~ :? ____ _]JI_!___ __ _I_!_:_ ~~-- 2.51 5.41 ~~~----~ ----- -------























L2 1.2: 6.0 1 2.01 2.X 3.6 ---- ---- -~--------- ----
0.7 L6 i 9.2. LX ' 3.X 12 3.3 
L4 1 I L6 • L2 . 2.5 15 1.7 --- ---
2.6 1 I L61 2.3 5.6• 15 3.7 -- -·--------- ----




0.1 ·-----~Q! _____ p .:..6:,i ___ __:__Lc:.M_c.l_ 15.7' 35 
0.0 
4.5 
#VAL_!!~ _ #VALUE! ___ _!~~--- -~-X I #V ALU_EJ __ #VALUE! _____ 1}5_.0_I_#_V_AL----'U,_E_! ___ #_V_AL_ U_E_! __ 173 #VALUE! 
261 #VALUE! #VALUE! #VALUE! #VALUE! 2L6 o #VALUE! #VALUE! 25.9 1 #VALUE! #VALUE! 
5049.91 0.7 ' 5.0 1 1.4- L61 9.51 L7 ' 2.7 101 2.6 --- ------------------------ --
49X9.4 535X.5 1.4 o 15 .6 · 0.9 1.5 1 15 .61 0.91 L6 161 LO ------- -
466.7' 646.1) 1 0. 1. O.X 1.:! ' 0.31 
0.51 
1.7 ' 2.1 0.7 
LO 
2 ' 3.7 
3.5 
-------· ------------
330.9 452 .6 0.1 1.3 LO L9 • ------
1344X.3 17975.1 2.7 27.2 c-------=-=-'-=--- ----- ----------- LO 4.7' 34.0 1 1.4 7.l 36o 2.0 -----·-------- ------- ---------- -· ------
1260X.4 ____ 1~70"~ '- ---·- _..3_.3 ___ ~:~-- __ ___!_:6:_ 3.9 1 3 L6o 1.2 . 6.2 45 1.4 - -- -~--------- ------- -- --·- ------------
LX' 3.6 0.0 1 6.6o 0.0 . L9 ' 6.2 ' 3.1 3.X 61 6.6 ---- - ---------- --- ---· --------- ------- ------- - - ---------- ------ -- --------
_ __ 7~~~~ -- _ 1_4325 ._1___- __ 0_._3 ____ E.:L _____ 0~------ 2.4:_ ILl ' 2.2 - __ 4_.5_ 5.1 
IX5M.6 22435 ___ _!> -~~-- _____ X,~--- __ __!l!_ ____ _E:~:. ____ !.:_<J.:Q.: ____ Q:Q__ ____ 1_.2 ______ M:.-'------'-L'---4 
IX704.3 25027 .0 ' 6.6 . 20.1 3.3 6.4 ; 117.7 ' 0.5 12.9 92 ' 1.4 -.------------------------------- - - - ----- ----- ----- ---- - -------
#VALUE! #VALUE' #VALUE! 99.4 #VALUE! #VALUE! 106.91 #VALUE! #VALUE! X6 o #VALUE! 




~ 32 . 6 











0.2 ' 21.01 X29.4 - 0.3 2M.K 1037 0.3 
___ 13 ___ - ~--- 4.5 1.1 1.0 10 ' -~ 
0.9 0.2 3.4 . 0.6 0.5 4 · 1.1 ---- --- --------
1419.9 23SX.2 0.2 - 3.3 ____ 0!_____ 1.1 M.6 1.2 2.6 10 2.5 
3793.7 13467.4 0.0 7.4 __ o,o ____ -~'----2~----~--5_.1 _____ ~ ___ -'.:.Q 





IO.Mo #VALUE! #VALUE! 4X.61 #VALUE! #VALUE! 58 1 #VALUE! 
IX.O I #VALUE! #VALUE! 39 .51 #VALUE! #VALUE! 24 1 #VALUE! 
- -'RI= d.:c•Y'-------'I;::_um= en"'h-'-'rs/=-=d•r c:/IOOOimhrs _ R/day _ ---- -- c:/IOOOimhrs lumenhoursld•c:IIOOOimhrs 
min min min mid , mid mid max max max 
____ !I_L 19.1 __ --~--~__:!!!,__ _ ___ 2-? '_ ___ o.QI_~ ---0~'!_~ 1 K.7 1 0.12'-------'3:..:600= 1 _ _ _ _::3'--'.4l 
_____ 2_6_.x _ ______ 29_.4 ;___ _ _ _!>;~:_-_ _1_1oo_.o ____ 2_.:? 0.101 o.l41 7.41 o. l9 • n6001 2.9 
__ 7_\1_:6. ____ _\1~ -- ___ 0.021 ______ ~0!__ -- ~-' _ 0.07 1 O.OX _I ____ 2_} ____ ___co_. l..c3 ____ __c3.:c600_:_:__1 ____ ___;::_;_:__3.7 
___ _E.:!!___ 79.6• 0.02! __ X06.0l__ 3.0: 0.061 0. 101 6.4 1 0.11 1 4M361 2.3 
87.91 100.9 ' 0.03 1 1350.01 2.01 o.ox l 0.111 4.51 0.141 _ __ xc.:..IOO= I--- ---'-'.:.7
1 
_____ M~ ____ I06.5 0.03 • 50.0 1 52.4 1 0.07 1 0.001 159.41 0.13 1 2001 63 .5 
627.2 ' 727.4 0.201 1000.0 1 20.1 0.501 0.09 1 55.9 1 O.X7 t 40001 21.7 ----- ------ - ________________________ =-:-__ ~.: .;_ _ ___:=:__ __ '-"-"c::.!--------'~1 
~----=26~3~.4:_ _ :..:3~3o=·=-2:'-----~0-~0~8 i ___ ~2~5o=.o~~=------'3~0-".I'-----o=·~2'--'ll --:..:o_.o_2~1 _ ___ 9:..:3--'.9-l _ _ _ -=-o=.3.:..9_1 ___ :1000~---~ ---"-'39:.:.4-'l 
1.1 1.3 1 0.18 1 40.01 452.5 • 0.341 0.001 156UI 0.55 1 801 691.0 
I nnKtion ____ _ _________ ~IL~C~C~--=----------------71 RJ:.::__::d:..:•LY ___ ~I ----------~----------I 
~ pv max Rpv mid 'R pv min min . ! mid max l minima I mid max 












0.7' 2326.91 4135.9 36X0.61 0.32 1 0.76 o 1.01 
1396.2 0.7 2652.X · 2415.51 0.191 0.4X I 0.66 - --- --------· - --------- '-.:'-- ---=-~ ------ ------
0.7 387~!_ --~K3 ____ ~4.3 L__ 0.391 0.77 ' 0 .97 ---------·-
___ 5 . 6_•_~~464 __ .9_1 --~~~ --'--'19-"-2"-'2X"-'.2'-'-I- 1.161 2.45 1 5.27 
__;I__::_0 -~2 _____ ....;5.::.6~1 __ _:Xc4.::64..c::.9;::_1 _ ____:1:..:3-'-4 :..:15_::.7 __ . _ ___;1;::_92~2:.::M:..:.2:..cl __ ___;l_::.l:..:6:..cl _ _ ~2~.4~5~1 --~5:..:.2~7~------------
0.0 1 0.0 1 7596.41 9531.3 1 X764.9 l 1.041 1.741 2.40 
----- - - - ---- --------- ----------,-------- --- - - - --
--- - --------------- --------- - - --- --------'- - ---'--------- - ---
-- ------- ------- ·- ---- - - - - - ------------- ---'----- ----------1 
' --- -----·------------ --·--- ------
---------------------------- --- ----------j 
------------- - --------------






r--------------------------------t~ru~e='•~------------ ____ _cc~os~t~o~r~a=cc~~--------------------------------------------------------------------~ 
rue! I appliance prices _ _ -----------------1-' -- - ----------------e_m __ cl_. e_n...:cy'------------------------- --------------
cooking minima middle maxima minima 1 middle maxima MJ/unit worst middle ' bes t reference 
elcc hot plate 0.23 1 0.25 1 0.27 1 12.51 58.81 105.01 3.61 55• 65 1 751 II 
__ o_v_e_n ___________________ c0.::.2:;;3_;_1 __ ....:.0=.2-=-5-l _ 0.27 : 12.51 58.H I 105.01 3.61 ----'=-=· 5:..:_1 ____ _::6::...5 ____ 7_5 ___ ------
m1cm-wavc 0.23 : 0.25 0.27! 12.51 58.S I 105.0 1 3.6 1 55 ' 60 1 65 " ' -------- --· -----------------------------
p~~_lfin_ ----WICk --------1---~ __ 1, c·2:..7_1 ____ ....:.1.;..5.:.1 ______ o~,l ____ .;.o.;..O.:_I _____ .;.0-=0_1 __ ....::.3? :_ _____ 20_· ___ 2_7_.5 - ___ 3_5 ___ - --
- ____ pnmu_s _______________ .:.1::.04..:_' ___ _c.l::. 2~7 ______ :'-c::.51-'------"0'-I __ __::O:.:O~I ____ __::o::.0..:_ __ ..::3.:..7_ 30 42.5 55 
__ _ nng_ _ __ _ - - ------- ---~~-- 2.;_.6.:..6_1 ____ .;.3...:.6...:c6.;..1 ----~--7...:.5:.;1 __ ...:1_7.::_8..;_7_1 ___ _..:.2:..59:.;·.:..91 ____ 4...:9_1 ______ 4.::_0 _1 ____ :._50:.;1 ____ ..:60=1 --
stove 
-- ---- ·---'=--"------
- 2~ .:.3:.:;.6.::6:..; __ ___:~:..:7.::.5~1--~1_ .:.7 :.:;K-c7_;_i __ __:2.::5_9:.:·.:.9 _' __ 491 401 50 1 60 1 
wnnd 3-slOne 0 1 0.23 1 0.45 1 01 0.01 0.0 1 17 1 13 14 1 151 - _____________ ....:.;.::.:._ __ .;_:.; ____ _:_:__ 
~- ----~S::to_:_ve~------------- -~------0;:_1;__ __ ;:_0 ·.::2;:.3 1'-----'0~.~.::5~1------=0:...1 __ __::0:.:.0~1------"0:.:.0~1 -----'l-'-7-' _____ 2.::0~----'-25:..' ____ ..:3...:c0_1 _______ __ 
coal --__ ,st_ov_e ________________ _ 0:..·.::.5:..1 ___ _:0_.;..5.;.3.:.1 ____ .;.0-;:.5:..51;__ ____ _;;0.;.1 ____ 0:.:.0:_1;__ __ ___:0:.:.0:..1 __ ___:2:.:7 __ 1 ____ 2::.:0:.:1 ____ _:2:.:5.:..1 ____ ;:.30;:.1 __________ ------------
brazJcr 0.5 1 0.53 1 0.55 1 Ol 0.01 0.01 27 1 61 HI 101 
water heating 
clec geyser _______ 0.~ 0.25 1 0.271 17.51 87.5 1 157.5 • __ 3_.6.!._ ___ ~-- ___ 7_0_1 ____ 9_2:__ 
=-= =----~~-------------_ 02~l._~~ ___ _::_0-;::2_7c_' __ ___:lc:.7::.5cc' __ ....::K7:..:·;:.5_: ___ .:..CI5~- __ 3_.6 ___ __9_!i _____ _'!~ _ -~_:_-
e_a.::_~~"---- WICic/pot__ _ -~-_IE!_ 1.5 1 0 1 0.(~ _____ 0_.0 _1 ___ 3_7 _______ 20_1 ___ 2_7_.5 _____ 3_5 ______ _ 
pnmus/pot ______ 1.04_:._ 1.27 ' .:1.::.5:..' ______ :.:;0 ;_1 __ __::0:.:0~--- _ 0.0 _ ----~7 :__ __ 30 42.5 55 
______ .:.:in:..-l:.:;in:.:e:..... ______________ + ----'-' "'-6-'--6-'-' --- 2.c.6:..6_, _____ -'3'-.6'-6--''------~--7_1 ___ 1:..:7..:8.:..7 ____ ....::.25:..~:..:-:..9 ' _____ ~9_• _____ •_o ______ 5_0 _____ .:.60=-'--------------
geyser !.661 2.661 3.66 • 971 17H.7 ' 259.9 • 49 :_ ______ 7_5 ____ Jl3_._5 ____ 9_2 _____________ 1_3_.10 __ _ 
~~~xl--~fire ______________ 0_1 ___ 0.225 1 -~-_() I _ _ _.:.o_.o_. ______ 0.--'0 _____ 17 _______ ...:1..:...3 _____ 14_ ---- '~-- ___ __ 
_po_Y.st~- ------ ---- 1--- _ __!)~ _ 2_:~~ 0.45 i 0 1 0.0 1 0:.:.0:.• ____ _;_17'-_____ 20_' _____ 2_5 _____ 3_0_, ____ __ 
solar __ SWH {mtegml) -------- _ 0 1 0 ' _____ o _, ______ 0_1 ---~>;___ 0.0 I 1000 1000 1 1000 1 12 
solar/electric 0.23 1 0 .2485 • - "0.:.:.2=6.:.84.:..1 ____ __.:_7.::5_;_1 ___ 4_;__7c::.5::.;1 _____ 8:.:7c::.5~---=-3:.:.6_• ____ ..:1.::.60::__ __ 2_33_.5_ • ____ 3_0_7 __________________ 12 ______ _ 




F!.~- __ --~dianl healer 
oil filled 
0.23 1 0.24X5 , 0.26841 7.5 i 38.8 1 70.0 3.6 • 1001 100 ' 
I-.Q:~3_:___~485 ___ 0 .26H41 7.5 1 38.8 , 70.0 1 3.6 100 100• 
1001 
100 
0 .23 0.2485 0.26841 7.5 3U I 70.0 3.6 300 320• 340 · -- --------· - ·---
blower 0.23 0.24K5 0.26H4 7.5 • 38.8 • 70.0 3.6 100 100 100 I I --- - ··- ------------ ·--------------------------------------------
heater 1.04• 1.27 1.5 1 0 1 0.0 0.0 37 45 72.5 100 ~r-~~" -
gas heater !.66 1 2.66 3.66 • 97 .5 1 178.7' 2~9 9 4~ .0 1 40.0 1 701 1001 
:w~ood~~~~~~~-~o-~pen~-f-'-tr~e=-==·=-------~~ l -l-- --~~o:=,=--o~.2~2:5::-i __ -:_·_~-=o:.cc4=5;;1~~~~-~~<'-'l.:..l~~~~o:.o:~~ ~~~--=o.::occ'-----'-'7'-' ____ M_5 ___ 9_2_.5 ____ I_OO ____________ ___c_~c::-s _____ __ 
t----------=stccov.:..:e=----------------+---·---'0:..:__1 -=Oc.2:=2-=-5 _____ o.:.;._4~:..;1 ______ _::0_1 __ ___:O:.:.O.:.;i ____ ___:O:.:.O:..'----'I'-7--____ cc20:..1 _____ 4...:0:..:..1 ---=60-=-'-----------------~-·-- _ _ __ 
l'c"'o:ll==-------~st.c:o_ve _______________ 11----'0~.5:.:1:..__:0:·:5c=2::.5...:' ____ o:.:·:::55:.:I ______ .::O.c.l __ __:o:::.o:·c'------=o:.:.o~---=2:.:.7 __ ' ____ 2_0_• ____ 4_0_, __ 6_0_1 _________ __ 
brazier 0.51 0.525 0.55 1 0 1 0.01 0.01 27 ' 17' 58.5 1 100· 
~ _____ cl2ig.:hc.:tic:n.._g __ __ _____________ -------------- -------------------=e::.rri:.:.lc:.:a:.:c'-'-y ______________ ..:;lu:.:m:.:•:.:ns.:::.. _______________ w_a_ttsl_t_o_oc_u 
lumens/watt max min max 
clcc incandescent 60 0.23 : 0 .2485 1 0.26841 2.~ 1 28.81 5~ .0 1 3.61 101 101 101 4001 40018,8 100.00 
~ ---- ------------ -------------------------------------------------------------------- ----------
100 0.23 1 0.2485 1 0.2684 1 2.51 28.H I ~5 .0 1 3.6 • II II II 660 660 t8.X 90.91 
fluorescent I 0 to I I 0.23 1 0.24H5 i 0.26841 2.5 1 28.H I 55.01 3.61 501 501 50! 6001 60018.X 20.00 
13 0.23 1 0.2485 1 0.26841 2.5 1 28.81 ~5 .0 1 3.6 • 62 : 62 1 62 ' 12501 125018.8 16.13 
18 0.23 1 -0 . 248~ 1 0.26841 2.5 1 28.81 55.01 3.61 75 75 1 75 i 30001 3000 ,8,8 13.33 
-------~---~--..:..::11--~:..:C:..--'C::;.~~--'C~~--=~~~-~~-..::.::C---'C:.:-~-=---~~..::.::.::.::c_~:..:c:.:=::c _ __ ~
E':.:m...:'"-----hu.:.;rr_,-'-ca'-n_c __ _:_ _________ 
1 








1.041 _:c'-cc27'-'l-----='-c:.5...:1 ____ ....:.0"--1 ---=o.:..:.o_l _____ o:.:.o::..'---=3-'--7-' _ __ .;.1:::.:.2. ____ .:..'-=2'-1 ---='-=2_1 __ .:..:15:.:00-=--' __ _.:::500=18=--------.::8.:::33:.:.3:.::3 
L66 i 2.661 3.661 97.5 1 178.71 259.91 491 I ' 11 I I 2001 30018 1000.00 
candles 0.5 1 0 .5 i 0.51 Ol 0.01 0.01 3.5 1 0.2 : 0.2! 0.2! 301 1018 5000.00 
rerrigeration prices Units/day effi ciency 
200 lit res normalised volume minima I middle I maxima I minima i middle I maxima ' MJ/unil minima mid maxima worst middle best 
fridge only 0.23 1 0.25 i 0.27 i 12.5 1 23.8 1 35.01 3.61 0.35 1.41 2.401 
_l!fdge f~~_:_,_(l:.:;o"'p'--) ------+ --- 0.23 i 0.25 . 0.27 1 12.5 i 23 .HI 35.01 3.6_, _____ 1._03 ______ 2_.0_1 ____ 2_.90 ___ 1 __________________ _ 
chest freezer , ____ 0:.:-=23:..;1 ____ o:c·::;.25:..i ____ ...:0:.:.2:..7...:1 ____ .;.12:::·.::.5:..1 __ ...:2:;;3.::.8:.:1 ____ ..:3=5.:..:0:.:1 __ ....=-3-;:.6...:: __ ___:0:.:.6:..7:__ __ .....::0=.8.:.' ____ 0.:.;·::...95:..·--------------------
upright freezer • -- 1--~~ 0.241 0.27 1 12.5 1 23 .HI 3~.0 1 3.61 1.091 1.71 2.401 
rndgc/freezcr 1.66 1 2.661 3.66 1 97.5 1 178.71 259.91 37 ' 1.101 1.1 1.101 
chest rreezer 1.661 2.661 3.66 1 97.51 178.71 259.91 371 1.101 1.1 1 1.101 
1.041 1.271 1.5 1 0.0 1 0.01 0.01 491 0.761 0 .81 0.761 
I: Lr:ath and Gow.en ( 19K7) I 
2:Greyve:nllC111(1992) 12: Hal (1093} 
3: EnerJuitk ( 1996) ------------------------..C...----~1 3: Turiol (1 986) 
---------' -------------------~: Mof1<els ( 1~_, ________ _ 4: KJC (1993)1 -------------------
21 : ADC(I996) 
1 22: Oaytine s-.s < t996) 
123: Pomy Pincl1ers (1996) 
24: AEG (1996) 
!i: Allison&: OutJr.iewicz'" Vitjom t 1993: tt )l -------------------------'1-'-S:..:.Macro==" '-'(1:::996:..::..1 __________________ 1.::25:.c:.::So<.:..•.:..•..:Spoc:i=dal=· :.::~:::1•_,_<1:.:996=1 __ ___ 
------- ------ _ - -----------i-=6.:.; M<Gnn.h==="'="""t~J.!_9K()), Smilh ( 1911) and Stanford (undat«J) in Gi1111987) 16: Russets (1996) 26: 5a Energy (1996) __ 
---- ---- _ -----~~ (199Jl __ -------------------------------- _______ _:_1 .:.;7 :..:T.:::al.:::~='-("-1996='--) _______________ _.:2:.:7.:.: Oioos=·~C:-'-(1:.:996=1------------j 
_ ---· ______ ~Cow~ ~--l!_~ll -----------------------------------------18:.;.:_V.;.alue.::.:..SUpo=-'-'-'(1..:996..:..:..:) _________________ · 2;;_8_: C_a_;pe _ ;:E_ne~'VI~( 1_9_93"')1 ________ _ 
9:Honratt(l992l 1Q: Beflstar (1996) 29: Hyperama (1996) 




------------------------- _____ oppl i a_n_c_e~p_ro·_c_e __ ____________________________ e~xp~e_c_ted __ s_er_v_il_h_~_d_a~y _____ ~Y_•_•_~ _______ h_~ __ d~ay~--~Y_•_•~ ________ h_~_d_a~y _____ __ 
max mid min reference hours max low mid mid min 
-------------------- _______________ 4~5~1 ____ ~2~8~7 -~79~1 ______ ~1~2~4~1 1 ~4,~1 5~----------~~~~-0~1 ______ ~4~.0~1 _______ 2_.7_1 ________ 2_.5_1 _______ 4_.4_1 _______ ,1~.0 
___ ____ 4_4,;_70:.;1 _____ ;3;,;0.:.3 ;;;;1- ."-~0;;_1 ______ ,;_1.:.5:.:.95 116.17 8~.0 1 ~ .0 1 5.5 1 2.5 ' 8.8 1 1.0 
-------~3~5~6,;_' _____ ;;;;25~4~2~.2~0~1 ______ ,;_7~2=8~11~7~.1 ,;_7 __________ ~1~~;;_·;;;;0,;_1 ______ _;2~.0~1-------'=3.:..7,;_' _____ --'1~.3~1 ------~2~1~.9_1 ______ ~0.~51 
221 122.001 23 118,19 2190.01 8.0 0.8 . ~ .5 1.3 1.0 
------- __ ~2_1__ ____ __1_4_?.501 64120.19 I 095 .01 ________ 8_._0 ________ 0_._4 ________ 4_.5_1 ________ 0_. 7 ______ __ !:Q 
______ 5_~:_ ---~_.oo_~ _______ ,_-5 1_2_o._2_, ______ __ __ 4_3_8_o._o_l ------~-_o1_ 3.01 ___ 2_.s. ________ 4_.8_• __ 1.0 
-~~~ - _15~?-~4 :_ -- _8_9_71_20_._20 - -- ____ 8~ ___ .0_1 ______ .::2.,_ 5.5 --- _2_5 ~ - _____ 8,1!.:_ 1.0 
___ 0_1 _______ o_.oo___ 0 1 2~.0 1 4.0 1 _ _i_L!_~ ____ 2.5 ! -----"-'~- - 1.0 
------- ·-------'1_4t_l0.:.1 _____ 8_7-"3-'.0'--I-· ________ 3_4_6.._12_2.~2_2 ___________ 2~ ____ .0-"1 ________ 4 __ .0_1 _________ 1.:.3-'.7_' ______ _::2.:::.51 ______ 2L~-- 1.0 
14001 873 .01 · 346122.22 2~.0 1 8.01 6.8 1 5.01 11.01 2.0 
I 
0 1 0.001 01 1~.0 1 -------4-.0-I-------0-.7- 1--------3-.0-'I--·-- ---0-.9-I-- 2.0 
r--------------------1t-X_H_i~-~--__ --__ -_-_--_-_~2~~32~~26~L~----~-9~52~.~8 ------~~~2~73~1-23-.U------------~~~~~.O~I--------~~~-_o~~~--_--_---1~l~2~~---_----__ -,-,~--====---_~2-J-.9--_-------ll.~5 
_ 3.1to_I 0.5V~•-- __ !_2_~!]2 : ___ _!_~~----936 1 24 . 24 -·------- 5~.Jl.:_ ______ _(l__5 ____ ___'l:!__41 _ -~--- ____ ;2_:: ~ 0.5 
221 122.0• 23 IIR,I9 2190.0 • 2.01 3.01 1.3 1 -1 .8 , 0.5 ---·- ----------------~-- ----------------------------- ·- ------··------ -----
221 . 142.5 · 64 120.1 9 1~.0 1 2.0 • lA · 1.3 2.2 0.5 
__________ _::3.:.24,;_8~'----_::2.:.2600~.6,;_' _______ 1 .:.27-'3"-1.:.21;,;.2~0 _____________ 43'--8'--0-'.0'-I--------I-.O--I-------'-2_.0 _________ 0_.8, _____ 1 _6.~ 





Oi 0.0 01 I.Oi 1.0• 0.0 • 1_.01 0.0 1.0 ------------------------------ - -------------- ------------------ -- ------- ----
2132 ' 1507.3 • 882 122.22 8~.0 1 1.01 21_.9 1 LO I 2L9 1.0 ---- - ---- --- _______ _::c:=·----~=c=.. _____ ___:=:.:.;... . ___ ...:..;.:, -------------·----------
·------- ---- __ ,..:.100:::..1.=&:.:5:..:0,;_1 ----------=20;;5:.:2~:-_____ 1~8:_::0_5:..;·.:.8 ';__ ____ ,;_15'--6'--0-'12.:.5';;:,26=-----------'43:..:8..:.00;;_ . :.0 _1 _____ _;8~.0_' ---- 8.0 7.g_· ___ _I_:?_:J__ 6.0 
_________ _::2..:.00=1'-.2'-00'---kP_a ____ -~85;;_5:..:0..:.1 ____ ~7~9=8_0;;_·;;_0 ____ ,;_74~1~0~1 2=6.=26~-----~43:..:8.:.00;;;;·.:.0,;_1 ------~8._0_1 _______ 8_.0_1 _____ 7_._01 ____ ___ 1_7_.1 _______ 6 __ .0 
2132 1507.3 882 !22.22 5~.0 1 4.0 1 34.2 3.0 . 45 .7 
--------------------'--3'--I_7_1 ______ ,;_I7_;8.:::.5_i ________ 4-'0'-I1_7,;_.2_7 ____________ 5""~~-'·o_l ________ 4~.o ________ ..:.3_.4_. ______ _::2.:::.5_, ______ _,;_5.'-5 ___ _ 
_________ 9_5_3 _ _____ ...:6:..:0.:.7:.:.0:_' ______ ..::2:.::6..:.1 -': 1_4·:.:.'=-5 _ -----------'5..:.~=--=.0_1 _______ 4;;·::.0 __ 1 ____ ___:3:.:.4_• ______ ___:2:::.51 5.5 
8~· 7~.0 6~ 1 28 .28 13~.01 24.0 · 14.8 ' 24.01 14.8 · ------ -· ---------·-------'---------------------------·-----------'--'------- -
250 209 .8 17011 7.17 5~.01 4.0 ),4 , 2.5 5.5 ---------- -- ----------------------------------------- -----
---- -·-·---- so _____ ]~co _________ 2_o __ l l_9c....l_9 ____________ ~_~ __ .o __ I _________ 4._0 _________ 5._5 ________ 2_.5, _________ 8_.8 _____ _ 
__________________ _:_7::38,~------4:.::3 :.0.~8 _____ _:_12:..4;cl2=0.::.2c..7 _ ---------~3_8_0.<!!.._ _____ ...-:Jl __ _____ 3_._0 ________ 2_.5 _________ 4 __ .8 __ 
0 1 0.0 01 2~.0 1 4.0 13.7 2.5 21.9 ----------- ------ ----·----------------------------
______________ _:1_400::~' ______ 8:..:7. ::3;;.oc..~ _______ 3~4_:6~1 2=2-=.2::.2 ___________ __:8:.:~~-0:.:I ________ 4_._o=.'---- __ ;;5,,.5~-------'2=.5~~--------s==-·s:..' __ 
14001 873 .0 346122.22 2~.0 1 8.0 6.8 4.5 12.:! --- --- ----------- -·---------------------------------- -------------------
0 1 0.0 . 01 1~.0 1 4.01 0.7 ' 2.51 1.1 













100.00 2.50 . 2.501 2.7 ' 2.41 2. 11 29.27 1~.01 6.01 0.5 ' 3.5 1 0.8 1.0 ------ ______ .::.:;~-----~~------..:.,;_ ___________________ ~-------------------------------------------------------
90.91 1.52 1.52 , 3.01 2.61 2. 1129,27 1~.0 1 6.01 0.5 ! 3.5 0.8 1.0 
20.00 1.671 1.67 ! 681 60.7' 53129.27 5~.0 1 6.01 2.31 3.5 1 3.9 1 1.0 
16.13 0.80 1 0.801 551 54.51 54129.15 5~.0 1 6.01 2.3 1 3.5 3.9 ' 1.0 
~---'-13~.3:.:3 ______ _:0.~3::3.' ______ ~0.=33=-l------_.:.68=-i ______ :.::62=.7~!------~57~12=7~,1::.5 __________ _:5::.~: :.:.-0c..l ______ _:6~.0=-l -----__:2~.3~1 ______ ;;3~.5=-l------:.::3~.9_1 ______ ,1.~0 
___ ~3.33 ____ 50.001 _ _ I2.50I ________ I-'41'-------'"'-I.'-OI _______ s,;_b_o'-.18 _____________ ~ ___ .o,;_l _ ______ 4._0_1 ________ 2_. 7_1 ______ 2_5! ____ 4 ~- ____ _!_.!!_ 
---_83_3.~- -- 2.001 0.67 -=23::.9_1 - ___ __::,2 :.:19.:.;.0;_1 ______ ;;19-=-9tll;;9·::..31:.._ _______ _:;4~:..:;;;;·;:.0;_1 ______ _:4·.:.01 ________ 2::.;';;71 _______ 2::.;.5::.;1 _______ ~:;_-4 ______ __;1~.0 
1 
____ .:,.:1~=-00::: 3.3). 5.001 I 05 . _____ 8,_4~.5_1 _______ 6_4.;._12-'0._20 __________ 4_:~;,;;;·.:;.0 1,.. ______ 4.'-0;-1 _______ 2._7 1 _______ 2_.::5 _1 ______ 4_.4_1 ______ 1.0 
33.33 1 0.65 1 0.51 0.35132.32 10.01 4.01 0.0 1 3.01 0.01 2.0 5~.00 1 100.001 
.price price volume range tvolume ·expected servil h~day 
accept reference mid min I volume (cu.rt) I max mid min hours max 
3. 33. 34 ---------------------'2..::.290 9,;_1 ___ _:;,2403 2507 114, 15 , 11.8 lO 13.6 3~5 1 3601 335 1 131400• 
_______ 3_ .. _33.:2_•_ _ ------~73.2~ _______ ::.304::.-".8..:.. ______ ;;18=2c:3_;;11_:6:..:,1,;_7 ______ :..;18:.:..8=-.:.lo'-'l:...:l.:c.7 ____________ 3_20_1 ______ __ 2_85_1 ________ 2_50 __ , ____ 1_3_14_00 _ _ 
_________ _:3:.:.3.:.3·:.:3:...:4 ________________ ___:3:...:1..:.62::. ______ _:2;;15:...:0__: _____ 1__;1:.::39_1..:.27_:.2:.:7 ______ 4...:2=-l..:.o.ci::.O.c..6 __ ~------4_2:.::0_1 _____ .:.27:..:0,;,.1 ______ ~1_20_1 ___ _:1..:.3_14_00~'-------l 
- ------_3_. _33_. J:__ ----------------4-'3-'"5'-51;__ ____ ;;33,;_4_7 ______ 2_3_3_91_17-'-.l-7 ____________ 11_. 7_1 _______ 33_0_1 _______ 33_0_1 _______ 33_0_1 _____ 13_14_00 __ 1 -
3.34 4275 1 2936 • 1596120,20 2201 165 1 1101 1314001 
____ 3_.3_4 ______________________ 42_7_:5_1 ____ ~2=93;;_6;,:1 ____ 1:..:5::..96~1_:20~.2=0--'----~~------~------'2=2.:.0,;_1 _______ .:;.16=5=-l-------''-'-'0=-l'-----'1:.::3.:;.14;;00:..:,;_1 ____ 1 
4275 29361 1596120.20 1001 1001 1001 1314001 3.34 
2~ ~ Un~ Mwt ( IV%) _ -·---_ --· _ r- -------------------·-----------;------------------------- --- --------------- ____ --- __ _ 
1-----
32: SimmondS & Mammon (1 996) 
_ ----~:Fri<lgoMaslor_,(_1996-...:l _________________ ------ ----------------------:------------------------·------------- ---------------- __ 
---- ------ -------------------'----------. - ------ - ---------------------- --
- ------ - - -----------
----------------1- ---------------------------------------- ---------------
---------1-- - -------------------;---------------------------------- ·-----------------
·- -- ------------------------------------------------------------------ ------
-----·- ---------------------- ----------------,-----------------------------1 
Page 2 
Appendix D 
________________ _,_ _ ___ _..ld_ .... ___ -------~-
operating - - --- --- -- --- ---
~e~~- ____ ~nits pe~o_~ ~-IOMJ --------- min /mid max jave power .ref. LCC calculations -------------~----~------~~------------------------1 
high vol.or mass min mid max Rlyear IRJyear /RJyear /assumption Rpv max Rpv mid 
_ 1_1,2_ _____ 2.01 ____ _1_!__ ______ 1_1 _____ 1 __ 1 ____ ___:1_::_67---'/'--___ 4___:5_4-'--l ____ 7.o.84_.j ___ ____::_2--'-0'-l-------''"'1.o'--' ----"3_48~1 ___ :_;_lc:_9.:_0l 
~ ~---- ____ !_!__ ___ ______:lc::5.:_9LJ ___ _:c43:.:l.L/ _ __ __:7__:45;:_;1 _ _____ 1_.9_1 _ _ ___ 1_1._111 ____ 26_5,_2_: ____ J2.l2 1.91 II 






_.:_63~ ---~17_:;_0;_1 ___ .:_29:_4__:1 _____ 1_5_i _____ l:_:l_;__.OI~----'-1 ~18:..:0___:1 __ .:_3=15 
206 · 107 -- ---- - ------------ _ __ ___:49::_rl ___ _:c2:.:7c:ll-/ ____ .:_56: c9:_;_1 _____ 0_._1 ____ ,_1.11_1 __ _ ------
37 1 271 1 569 1 ___ - __ .=Jl.__ - - _ _9_-i_ ---- 2131 134 !1 I -------- 0.1 12.01 
12.0 0.2. I , 1151 461 1 10151 0.21 12.1)1 ~I 25 --------
_____ 2:_1_.9 __ _ 0.2_!.. _ ___ _!_ ______ J_. ____ 2' 1151 461 ' 10151 0.21 24M5 1103 
54.8 2.61 0 I l o l 5341 17081 2.61 1.01 o, 0 
----~-- ____ 2.6c__ ____ __Q:_ _ ____ _ ___ O:.;I ___ _c5:..:3__;_4_1 __ ---'-l-'-70:.:8:.cl _____ 2::.:·::.;61'----- 1.111 ____ J_M_O_, ____ IOH 





1-- - --~- -- ---
24.0 - -- --








0. 13 I 











14601 23001 3212 / 4.0 b 01 0 
2' _____ ~12:::5_;__1~,--~340~1 __ ____:5:.:8c::8;_1 ______ 3~1 __________ 7_1___:3___ 242 
375 1 408 1 __ 4_4!L-____ 9_,__ ____ ___ _ _ _ n xo 
. ___ ~ L 75 1 -~~!___ ____ Q~l_ __ ______ __ _ 166 n 
__ _2~.L_ _____ 75--'-1 ____ 14_2 __c: ____ Q_.l3_ 194 116 
2 . ___ 5,6:_:1_;__1 ----------''"'3-'-48:.;1 _ _ _ ;:._24'-'7--'-4 --'1 ____ 1:.:_.8:.:5:_' __ ---- --- __ ____! ~3~-- -- _ 4_92 
_____ 18:__7_, _ ___ 7_49 __ , ___ 164:__9 __ , ____ 0:_.6:.:2:___ --- _________ _!._~~~----- __ 6_92 
I 01 2141 ~27 3 0 --- ----------- ---
_____ 0_1_ 2141 427 1 31 -------~64 187 
0 · O• Ol Ol 01 2. 957 352 --- -- ------------------------ ----------
_..::.0:_1 __ :_;_1:.::.:3 5 1 12701 29391 0 1 ------







____ .:_13::·7::__ ______ 2;:_' ___ ;_1' ____ ____cl;_, ____ l:__' __ __:_5.o_61'--------"18:.:9_1 ___ _:;_3.:.9_2:.;1 ____ _:;_2;_1 ____ __.:1::.:•-11::.1 ___ __.:2c~2::...9 ' ___ :_;_1:.:0.::61 
13.7 ----------- I_' _____ ___.: ____ ::.;56:.:i ____ l:.:8:.:.9;_1 __ .:_39:.:2::.' ____ .:_21---'---......::'•:::-"::.' ___ _::6 :::M8::__ ___ _____:3~60 
_ ~~---- ~- ____ __Q ___ 01 __ __;_0_1 -----'-8.o.O---'I0'-1 __ __;__10:..:8--'-84_1 _ ____cl_4---'IO,c7_1 ___ __;__12:_1 _ _ _ -=1Jcc.u;_J _ _::_:1945 1701 
___ _!}_2 ________________ I ________ __:__ __ _:5_::6_1 ___ _:;_18:.;9__:1 __ __.:3__:9 :.21:______ ____ 2_: _____ ,_•·-"'-- 182_ _____ ~: 
10.0 0.2 0 0 ' 55 1 97 1 2191 0.2 1 11.01 30 ' 15 
12.0 OA 01 __ 2'--·-----=-8cct1 ____ 4---'· o=5-'-- --------'I--=06-=9:....'------=:o.c:4 ___ .:.:'2=-"-' ____ -~5_4 ____ ~?3. 
~~- ----------- .._Y ____ 0 ,______ ::_0:_1 ___ ___.:0:.;_1 __ ..:2:::2'::.;-l---'----'8:.:5:_4_• _ __ ______:3:_1 _ ___ ______:'.::-11:_ ___ __::0:_' __ _::OI 
21.9 ' 0 01 I I 01 222 / M541 31 1.01 831 379 
~-------!!.! _____ 0_1 __ --'-----'' =--1 ___ .:.24::3:.:.I ___ I:..c4-=-37-'-11---' __ .::32::.clc::2___:! - -------'4'-l ____ ,c::~:::~~'-----'72_9 ___ 2,_74 
243 1 7981 16061 41 1~0 1 01 0 01 4 II 2.7 
lumen/unit ~~~!_lu_!ll~_ho_u_rs ________________ ___1 _____ ~-----'--------------------- ... 
lumenhrs/MJ min mid max 
2.1' 27781 2.3 1 ...c2:.:·:5:c'------=-2-:.:.7_,__1 __ ..:5.::.o:.;.l ___ ccl9:.:.-=-0I,_ __ _.:3:..:5-l..l ---o:.:·.:.06:c'-----~---"'2.-=-6:...' ___ ::.2:.:..2
1 
2.7 3056 1 2.1 2.3 :_1 _____ __:2::_.4:;_1 ____ 8::·;31---' __ ..:3c:l:_:_.7_,__1 __ _:::59:.lj ___ ::.O:..:.l:::O:_I _______ _______c2::.9::.;1 ___ _:::2·..:_4l 
-~ lJI~-13MK9~~---~====-~0~.5-~i ___ ~0~.5~1 ___ ~l ~.Ot----=-3~.8~1 ---~7~~ ----=0~.0-'-11'--------------'42~.6~·---4~1~.8 
_____ 13_.7 17222! o.4 1 0.4 =--1 ___ ::.0-..::4_1 ___ :..:L~I ---' ___ 4:.:.·-=-;J/ ___ ____cs::;l ___ o::c--=-ot:.:; ________ 4..:3:..:.4...:' __ _..:3..:.:7-~5 
-- '~T_: ____ ~K_3_3 ~- _____ '!.2!_ __ ·o.3_1 -----=0'--.4-'-1 ___ cc'--=-5_1 ----=-5-'--7f-------'l-'-1I I,_ __ cco.-=-o2::cl _________ 4~5"'.9"-' ---4=-=-3=!.2 
-"4K~.6:cl ______ ::.6-:::21r-----:..:18~-8+-------=3.::6 l--'----'0=.0:.:1:::61:__ ____________ :.:.1::.0  .::81 ______ c:_7:::-2l 
____ !_1:0'-----E: _ -~- __ 1:..:0~.3:__1 __ ccl2:.:·::.21'------"3--=0~.8+--l ___ 9::__4:.:..o+---l'-'7cc8;-l ___ o:.:·-=-08:..:1:.;.1 _______ _.:18:...4:.:..1 ___ .:_144:...:=.21 
-----~-' -------~20.::I ___ _:;_I2::.2::.1 ____ _:;_19:.::.s...:: ___ ___.:2=6~.9-'-' ---''-=-t.=tlr-----'44--'.-=-6rl ----=-9=-8, __ _..:o=.o=t8:.:1  ________ _::8o~.9=--' ---'5:::5.::.6 
0.01 58 1 260.91 260.9 1 260.91 38.1 1 57.1 761 0.104 1 0.6 , 0.5 
33.7 ' 41.2 . 11.0 
years _____ h~ni=--=d~ayL-___ -~Y.::••="=----c·.~- :.:.h:.:.rsl-=-=d~•YL-__ ~:~Y.:.•a=rs-=------~i U:..:n:.:.iu~~-=-r:...h:.:.oc::u:.;.~ -=-cm~tsn~it:.:r~:..:d .:•~nr-------t--------~-------------------------l 
low mid mid min l rugh lvol.ormass lmin l midmax 
10.0 15.01 20.01 0.02 11 0.095 1 0.1 9J 
10.0 20.01 0.0741 0.171 / 0.31 1 
20.01 _j___ 0.036 0.07~ 0.2 11 ------
----- ___ _·--=w=.o=l====------~r------..:~o~.o~76~=====o~-~~2=6=l ====--=-:.:o.~2o~l== ·============----------l 
___ IO__ .o!_ ___________ ..:_I_:c5·.::01 __________ ..:2::.o·.::ol--'----+-----'o~.M=3o"-'l __ ---=.cl...:.:77=3-i--l __ _::_3-:::66::.:'---------~-------1 
____ 10_.0~- ___ _ __ :.:_15:.:.:.0cc' __________ 2:.:0cc.Occl ___ --!l------'-'0 ..::83:..:0-i--l __ ~l:..:-7-=-73=+1 1 __ ___.:3:.:.:.6:..:6:...1 --------- '------1 
I o.795 o.97ol 1.151 
10.0 -----· 
10.0 , 
15.01 -· ~ . "-- ·---
15.0 
15.01 20.01 10.01 
I I 
1---- - ------ -·---------------+----,-'---___;___' ------'-------------1 
I I I 
I I ! 
~ ----=-----------_-_--_--_-~~~------__ -_-_-_--_-=----_---=========,_:-_-_-_-_-_-..,, ___ -_-_-_-_--__,_+:======~=:=================~ 
i l 
-- ---- I I I ------------- ------ -t --1------ ----l-- ----





·' .: ' 
Appendix D 
~-cap= 01 
----------------'--' C.::.o:.:":c.":.:"".::.t:.:ioc:.n;__ _____________ _:L:.cC:.cC:_ __ __::L:.cC:.cC:_ __ LC~ __ __,:__, __ 
Rpv min 0 pv max 0 pv mid 0 pv min M pv max Mpvmid Mpvmin IR pv max Rpv mid R pv min •min mid 
1-----~-~-~-· ----~~'-~--~--------'~:.:~...:.:~'--1-- ---~:-~:.::.:~'--, -------_;-_;_~-:-_-_ ·- --~~-~~----_ ----~2-~:.:- '--_-_-_-_-_-___ ..:;__::~:~~: ------=~":'-:------"-~:""~'-~ ----=-~=-~:..:10:.:::'-':---~'-'!"-~~:.::.:..~ ·-- ~~~:~ 
2143 14YO 622 __ 2_3_6_. ______ 47_1 ____ 01 _____ 6_.~ 3.4 1 0.7' 1352.01 J082Y 6740.6 
13 3Y3 324 215 Jl 16 i I ' ___ ___9·~-- 0.01 0.0 23Y.2 J61.7 655 .0 
JJ 2lXJ 167 111 J3 201 41 o.o · o.o1 o.o1 185.7 329.5 -163.6 - ________ _;:_:_:_ ____ __:_::.:..:c. ___ -----
2525 
Il l 4130 
0 12453 
124531 
25 30798 1 
-~------









1693 7X4 __ J !_ __ _ ______ 1'!_-_~ : 10.2 5.6 __ HI~- - 1747.2 2603 .0 
2612 1009 -lY? 1651 II 14 .9 10.2 5.6 , IY22.6• 5331.0 - XX31.i ________________ :_:_ __ ___:_;__;__ -------· _ __:cc;.:_ _ __:.:.=:.:::. ____ -- ----·--
-1677 .01 ll • 01 01 0.01 0.01 0.01 0.01 -1677.2 12J52.7 - -·- -- --- --- ------ ---- --------------
J677 ' ______ 0.:__ ___ 76 _ 16 1 01 0.0 _____ Oc.:·.::.O;__I ____ l:.:>-.::_0_1 __ __::3_;_45:.:·.::.8;: _____ 5_56_6_A _ _ __ 1~9~~ 
-~4X40 _ __ __i]l~~ c__ _____ 1~6 _ ___ ~L_ ____ ___ 31 _____ l_J.ll_:_ 0.01 0.01 
















142 I(XJ 39 17 i 4o 0.0 
- --------------- --































12021 6563 • 1860 309 104 : 31 IJ.9 10.2 91.91 7426.61 
- - --- ----------- ----- -------- --------------- --- ·------ ----- ----------
1) 0 01 0• 0.0 0.0 0.01 0.0 ----------- --------- ----------------




0 • 0 0 191 53 1 37' 0.0 c>:·.::.o _____ o:::·::.o_• _ __ ...:1.::5::..96:::.:9: ___ _1~~-































__ J_6_;_' _ __ __:_1.::.6 ';__ ____ __ _:_ _ ____ J .O _ _ __ ]-~-- _ il_A_i _ ___ _.:_.:7_:!! 1 ___ _ 965.3 1458.0 
138 54 . 7' J .O 2.2 0.4 674.0 1432.0 c lX5.9 
------ - ------------------------
3X9 255 1 146 , J .O , , 0.41 66777.7 ' X9644A 115174.3 -- ----- -------------- -
36 J .O · 2.2 0.4 580.5 · 999.5 13XI.O 
6 - 0.01 0.01 361.61 584.3 
550 Il l J I -I I IJ.9 10.2 5.6 . 684 .01 - --------------- ------ ---------------~---







5041. 1 J3 3475 1260 01 166· 571 41 0.01 0.01 0.01 349.9 1 
2 15399 • 9869 • 24201 146 · 411 01 o.u. 0.01 0.01 2766.01 10783.0 16945 .1 - - -------------
0 1015 • 792 559 1 () I 01 01 0.01 0.01 0.01 559.21 791.9 • 1014.9 
1.6 15 .01 13.7 ' 11 .5 • I • 01 OJ 3.2 1.61 0.11 13.91 18.1 ----------------- ---- - ---- ----- - -------------------'---------------- ----'---------
I--· 
1.6 25.01 22.8 ' 19.2 : 1. 01 01 3.2. '-.:..6· ____ __::0.:..:.1_:_1 __ =.21:.;_-6:.;1 _ _____ .=2:..:7·:..:_4__ 31.~ 
14.4 13 .81 -- - _11_9~--- --- ___}_.3- -- __ __:1:..:.1 _ _ __ __:6:.;_1 ___ .:_:1.;__ __ __.::3.::.2c:. ____ ___:_'--.::6_:...' ____ __:0::.:.1:..:_' __ .::6.:.:'- ::9! _ _ _ 8_0_.5_.- - - Jl6.:.~ 
__ ____i_:i_ii ___ --~-~--- ____ 1 ?_:___ _____ _ 9 __ , ______ 6_1 _ ____ 11 ____ 3'--.2 _____ '-_c..6 · ____ _ oc;_._l __ _____c63'-'.s'--l ----7'-4"-.6'--,- 81.9 
__I_5L ____ ?:._07_ ______ 17;_11~-- _ _!~.9 :_ _____ __;1..:.1 ____ __:6_:_1 ____ 2:::1 ___ _:_3 :·~2_' ____ .:_:'-.;:_6;__' ___ __:O.:.:.I;__I __ .;:_69:..:·:::6fc__ __ _:8:::8-:::6_ 103 .2 







__ __:3:.:2:::o:.;_.9_~ __ __ 1 _99_.5~- ------'--37'-'--------'.:..-2:-.:f ________ 7_' _ __ __:co.o=--; --------'o:.:..o:..l ____ -----'o'-'.o=--I ---40.::5:.:.. 5~ .~----.:..56:..1~.5~-----'6.::8.::3 :..:..9 
152.3 1 72.I:.;_: ___ _:_I:6c'___: ___ -=8.:..f ___ ;__2:_:1 ___ __:_1_;_4·:::_91 10.2 ' 5.61 144.01 ____ __:2.:..55:..c.3:___ 36 1.6 
0.5 ' 0.5 ' 01 Of Oi 0.01 -----0·_-0-c-1 ----0-.0-1 ---0.-91 1.1: 1.3 












Rpvmin 0 pv max lo pv mid ' 0 pv min M pv max M pv mid M pv min 'R pv max Rpv mid 
373 1 1068 1 527 1 1151 68.3 1 86.3 1 96.7 1 2.0 . 
- - -~1_:_ __ -~-~-- __ 95_2_1 ____ 4_1_0l_ ----'-~-Q~ __ __ _I_Q2~--- __ 7_0_.3 ~----- 2.0 ' 
169 11811 JI 31 201 94.01 77.2: 43.9 1 2.01 
348 . 10841 7011 4201 129.51 120.2 ! 90.2 1 2.0 ----------------








0.0 16481 703 1 237 ' 63631 53871 44 12: 127.1 105.41 61.5 1 0.0 : 
1-- -------- --
---------------------------------------- - ------,----------,------------:--------
- ------ ------ -- ---- ----- - --- ---------------------------- - ------'--------
I ----------------- ----- - --------- ---------- ----- - -- --
- -------- ----- - ---------------------








'Lee --------- - - - ----------------
amort Energy 1 Lee amort Energy Lee amort energy Lee 
R/da_y ___ MJ/day IRJtOMJ - R/d;y-- - MJlday --- RIIO~U -~ ' MJ/day ' RIIOMJ 
-'-'-"'-'-- --___c_-----=------------ -- --------- ----- ------ ---------
min •minima 1minima 










9.2 1.594 · 3.6 . 12: 3.1 -- - ------- -------J---
1 1.6 1.1201 2.91 !51 1.9 
I 1.6 2.216 5.91 15• 
0.01 6.6 . 0.0 • 1.5 15.5 · 0.945 1 4.7 ' 23 1 
4.0 
2.0 ------- ----- - -- --- ---- -
l---~0:_:. 1_~' ---:.:13:::-3:.:1 ____ 0::_:-c:_I _ ____ IJ _____ _3?_:? _ _ _ 0_.6_301 __ 5.2 , ___ _ 3_5 ___ _1 2 ___ _ 
4.1' 
4.01 
---~~:_____ _ __ -~~ ~ ____ _!P-~ ___ 13~0 ~ _____ __ll.8__1l2 :_ __ _I~ __ I_73 ____ __!J_I- __ _ 












9.5 1.6 1 2 .7 ~- - _____!Q!_ _ _!- ~ f- -
15.6 0.9 1 1.6 • 16• LO 
0.1 0.81 0.9 ' 1.7 1.9 1 ~]:____ __ 3.!___ --~~r-- --
0.1 1.3 ' 0.9 2.6 1.7 1.01 3· 3.4 ------ ·---------- --·--- --
2.0 1 27 .21 0.7' 34.0 1.31 M.2 ~ 361 2.3 
2.0 13.91 L5 i 3.K, 31.6 1.2 ! 6.81 45 • 1.5 -----'=---__:_=:._ ___ __ cc=., _____________________ --- - · - --- - -
1 
___ --'o ___ .o. --"6"'.6-'-' ____ __:o:::.O:..I __ _ 0.61 6.2 0.9 1 1.2 
0.3 13 .31 0.2 Ll ILl LO I 1.91 91 2.1 
0.6 8.4 · 0.7 0.6 140.0 lUl l 1.21 1-----=-:_::__ __ --=.:. ____ ______:_'-'---- --- ---- ----- ---- ----- 1.4 
____ 6 -~ ~---~0_.1 _ __ 3.2 ' --~-~---117_.7 ______ 0_.51 __ ___! 2.9 ____ 9:__:2:__ _ ___:1:_:.4 ----
4.2 99 .41 0.4 1 6.7' 106.9 ' 0.61 9.4! 861 Ll 
~----------------------------------------------------------+-----I - -- =-0-:.::2 _ ___ _:2::_.4_• ___ __:0:.:_.7:__ ____ _:_0----7_' ______ 7.2_ ____ 0~ __ 1 .4_1 ____ 14_._~ - -- -
_____ o:.:-.::3 _' __ _::_2:..:.4-'--1 1.1 ____ __!_:<!_~-- ____ 7J__ ____ ~_:___ _ ~_,4_, __ __12 __ 
24.2 1175.0 0.2 32.4 1382A 0.2 ! 41.7' 1555 0.3 
0.2 2.4 - 0.9 0.7 7.5 0.91 1.4 · 14 , 0.9 ------- --- - ------ - ------------------- ------
1------"0--".2: 2.5 t 0.7 0.3 5.6 O~ i 0.6 7' LO 
0.3 • 6.5 , OA 1.5 14.3 1.01 3.91 !61 2.5 -------
0.0 14 .~ _ ___ ____Q,Q _____ o.~ ___ 43.:_6 _ _ __ o_ ,'-----~---7_5 ___ 0_.3 r---- __ _ 
0.1 8.81 0.1 Ll 18.4 0.6 i 3.4 • 18 , 1.9 
------------- 1- ---
-- __ ___ll_:_~-- ---~-~ _ ___Q,~:_ ___ 4·~-- __ _I!!:Q ____ __Il-~·-- 9_.7 ____ x_n_, ___ _1_:__1+ --- __ 
0.7 36.0 0.2 2.2 ' 65.K. 0.3 1 4.4 , 37 ' 1.2 
~--- lumenhrs/da[ _ciiiMMllmhrs R/daL_ _ c/HMMllmhrs lumenhoutc/IOOOimhrs ---- -- ---- --- ---------~-
ffiin 1 min ' min 1 mid mid mid max max max 
l----~0~-0~2 =--! --~~~·0::_1 ___ 2:.:..8c_l ___ o:::·.o=-7'--- --=o--=.0~8_· ___ __:9~-~ •~l _ _:0:.:..1~4-'-~3~~----'---=-3~.8-~----l 
l----::..0·:.::03:.;1 __ __:1~100=.0:.:1 _____ 2:.::·3:_1 ___ _:.;0. ~  _ ___51 ::__:14-----___ __:_7:::_.5;_1 _ _:0.:.:.2:.::0;_1 _ __:6:.::~.::::;_1 _ :.::3:.::1 r------
O.D2! 600.01 3.9 1 0.07 1 0.08 : 9.41 0.13 1 36001 3.71--- - -
0.D2 ; 806.01 3.0 ! 0.07 ! 0.101 6.5 , 0.11 ! 48361 2.4 
0.03 1 1350.-=-0 I'--- ---'-''-'-9I ____ O.Olil 0.17' 4.6 , 0. 14 1 81001 1.8 
r--- - -'o:.::.o:.::2;_1 __ __:5:.::o ·:.::o;,_l ------'40"'_"-7 ' _____ 0.26_!__ ___ _ o:::.oo _ __ .::l3:.::6.:.::_o _l _ __::_o::.-':::2'---=200.:::::.1 ___ .:5.::H.:.:-3 _ ____ _ 
I-- --'o-'-.,1---7_1 ____ IOOO-'---__ o-"-1 ____ 17_._1 ____ o_.4-'--:5 0.09 ' 50.!1 o.82! 40001 
0.06 , 250.0 ! 24.31 0.20 i 0.02 ! 91.01 0.43 1 10001 





~R~p~·~~~·~n--~t mm~· ----~~ mid~~- ~----~max~------~~ m~irum~·~a~--~mid~- ----~~ max~ --f-----J_____--____ ___ 
0.7. 2719 .61 3017.6 t 3644.91 0.37' 0.55 1 LOO 
_____ oz_ ___ ~~~~ ___ 4110.9 __ _l<2!!_0.6_ o3~------ ..Q,J~--~-----------
--=o:.::·7, ___ ____c,:.::3-=-84'-'-. .:.J7 ''---- 2641.~ _ 2415.~- _____ _9:_1_9_· ___ __ll:~-o~ _ ____________ _ 
0.7' 2850.41 4169 . ~ 1 3554.3• 0.39 ' 0.761 0.97 
____ __cc _;_ __ =_;;_- ;-- - --------- --
_ _ _ ___;5::_.6:.;1 __ __:6:::27-'-'1' "'6:.:1 _ ____;1:.:2.:.89:..:7_::.5:..:1 __ __:2:.::2=05?.:ti-___ _9-86_• _ ___ 2.3_6_1 __ 6~ 1--------- ----t 
__ __:5:-'C·6, , ___ 6_:2c__7 _;_;'-_;_6 i'------'l-=-28::__:9_;_7~-5-'-i __ 2::__:2~0;:_59:..:_ :..:9 1'--- - 0 .~6 . 2.36 1 6.04 
0.01 6069.31 842~ .3 1 8086.2! 0.83 ' 1.541 2.22 
·- ------- --- ---------------- -------------
- - - --------- -- -------------- - - ---- -4 
------------- -- ----- -----------------------
-------- - ---- -------------------------------1 
' --- ---- ---·------- ------1----------l------------- - -







max mid min 
451 : 287.8 1 
-14701 3032.41 8000.01 4.01 5.5 1 2.5 1 1.01 21.9 1 1.9 1 
-13561 2542.2 ! 728117.17 10000.01 2.01 13.71 1.31 21.9 1 0.5 1 54.8 1 1.5 ---- - - -------- - -------------- -
122.0 23 118,19 2190.01 8.01 0.81 4.5 i 1.31 1.01 6.0 ' 0.1 ---------'--- ----------
221 1-12.5 _ _ 64'--12-'0.:....1_9 ___ _ __ 1_09_5_.0_1_ 8_.0_1 __ 0._4'-l _ _ -1._5'-1 ____ 0_.7_1 __ 1-'.0-'-1- -1 .0 ' 0.1 
55 -10.01 _ 2_51_20_.2!._ _ 4380.0_, _ 4...;c.O_I _ 3.01 2.51 _ 4;.::.8.:..1 __ 1.0 1 12.0 0.2 
-11 90 2543 .3 897 120.20 _ _ __ _:.8000~c::·O.;_I 4-'.0'-I --'5-'.5:c.l _ __c2.51 8.81 1.01 21.9 ' 
0 0.01 01 ____ _ __:2::0.:.000=.0:..:.1_ 4:..:..0:.;1 _ _:.1:::3."-7_1 - --'2.5 1 21.91 1.01 54.8 
14001 873 .01 346122.22 20000.01 4.01 13.71 2.5 1 21.91 1.01 54.8 , ------· 
_ _ _______ ___ _ 1400_ 1 _ ___ 873.01 _ _ 3_46__.1_22.:..,2_2 _____ 2_0_0_00_._01 __ 8._0_1 __ 6_.8~1 __ 5_.0_I ___ I_l.0-'1 _ _ 2c...O:....I_ 27.4 ' 
01 0.01 01 1000.01 4.01 0.71 3.01 0.91 2.01 -1 .0 
_ .;_1 oooo=-:...·Oc:..:l __ 2::.:·.:..ol_ -'1.:.3-'.7-'-l __ 1.31 _ 2::.:1c..:9_1 _ _ o::.:·=-5 • _ _ 54.8 1 1001itre 2632.261 1952.81 1273123,23 -- --·- ----- - - - -- -
3. 1to 10.5Vmin 1251.72 ' 1093.8 1 936124.24 5000.01 0.5 1 27.41 0.5 1 27.41 0.5 1 27.-l , 
2190.01 2.01 3.01 1.31 4.8 1 0.5 1 12.0 ; 0.13 ---- -221 122.01 _ __ 23_1_1R..c,l_9_ 
221 142.5 1 __ 64_ 12_0'-..19 _ _ _ _ _ _ 1_000_ .0_1_2_.0_1 ___ 1._4_1 __ 1.3 1 2.21 0.5 1 5.5 ' 0.13 
___ ·------324~ :__ _}2_6_0--'.6-'-1 _ _ 12_7.;....31_2__;1.2_0 _ _____ 4__;3_8_0._0_1 _ 1._0_1 __ 12_.0_1 _ _ 0_.8.:..1 _ __ _:_1.:...6 -'-01_ 0.5 i 24.~ _ _ 1.8_5 _ 
5700 5586.0 5472:21.11 10000.01 2.0 ' 13.71 J.J I 21.91 0.5 , 54.8 --·-------- -
0 _ ~Q~ __ _ O_I _ ___ - --- 1.01 1.01 0.01 1.01 0.01 1.01 0.0 ' 
---~~ ~2_. ----'15_0_7 . :..3_, __ 8_82__;!_22..c,2_2 ______ 8c...OO_O_._OI __ J...c0_1 _2_1..:_.9.._1 _ 1-'.0-'-1 ___ --..::.2 :..:.1.9::_1 _ __:1..::.0:..;.1 _ _ :.;21:..:..9c.__ _ .:._:.c::.c.c:..:.c:..:. 
1001 & 501 
2001. 200kPa 
2052 ' 1805.8 1 
8550 ' 7980.01 





1560125.26 43800.01 8.01 8.01 7.01 17.L 6.01 15.0 ' 
7410126,26 43800.0 i 8.01 8.01 7.01 17.11 6.01 15.01 
882122.22 50000.01 4.01 34.21 3.01 45.7: 2.01 68.5' 
40117,27 
261 114.15 
5000.01 4.01 2.51 5.5 1 1.01 13.7 · 
13.7 ' 2' 
01 0.01 _ __ ::.c:..:. _ _ _ ___ c_::.:=.:..:.::_ _ __;.:;_c...__~'-----=-~---::.c.=-:..:.::.. _ __:c:;_ _ _:.;_:.; _ ___ :.;_:..:.~ 










1400 873 .01 
0 0.01 




31: C:~pe Union Mart (1996) 
32: Simmonds & Mammon (1996) 
_  33c. Fndge_~··r~~~!_- __ _ 
- ~= P~er ~~le ~uta~_!~~- !1_9~6) 
-------- - --- - -
-------..,...- -+-- ------'--- - - - ---




----------~o~pe_r_at_in~g~----------------~d~-------o~·~l l __ ~i~~c~a~p= ____ ~O~I _____ ~c~o~p _= ______ O~I _______ I 
min mid max ave po~ ref. LCC calculations ' 
-----~-------------~-------~------~-~ 
Rlyear IR/year assumption Rpv maxiRpv mid iRpv min 10 pv max IO pv mid 10 pv min IM pv max ,M pv mid :M pv min mid max Rlyear 
I I 139 ' 4191 784 i 2.01 12.01 3481 1901 441 18011 14301 90 11 701 28 1 4 
---~---~---·---~-~~-~~-~~-=~~~-~~-~~-~~~--~~--~~--~-------! 
- _!_ ___ _ !.!_ ____ - 132· 398 1 745 1 1.91 12.01 2652! 13 151 197' 3029 2253 1 11581 5301 197 20 
I_ _ _ _ .. _ _ _5~2: _ _:1 _44~' __ _.::2_:_94_:_:_..:.1.::.5~• --"l::.;l .O:cl_.:..l:...:l .::.80~1----'3:...:1 ::.;5 1 ___ 4~• __ .::2_:_14:.:.3_:_1 _ _:1=25:.:9_:_1 ____ ~5.:..19:.;1 __ _.::2::.;36::.1 _____ ~:_:7 _____ _Q 
----- _ 79 __ 3_5_7• ___ 6_3_4 __ ~:_ - ~~ . __ 2_0_6 __ 1 ___ 1_0..,71:--__ 13_· ______ 4_3_...,71
0 
___ 4_26_1 ___ 34....:5_1 ____ ~_1 , ____ 1....:6_• ___ ___!. 
59 357' 6341 0.1 -~~:...1 _ _:2:.:1::.;31 __ __:_1.:.34.:.;.1 __ ....:44.:..· __ _::223:::::.!.1 __ ....:2=2:::0:...1 ___ :_::18:::8:...1 ----==~3::_• _ ......::_2~0 ____ -::~ 
2' 
_____ 26_2: __ ~5_5_1 _104....2_~ __ 0._2! __ ll .o:.._ _____ 41_1 __ 2_5-'-1 ___ 8 ______ 2_6_08-'1 ___ 2_406 ' 1786i 8 ' __ ~ ' ~ 
2: 2 262: 655 i 10491 0.2! 12.01 2485 • 11031 I l l 42661 3712! 2297 ' 4971 165 • II 
--- ----- -'-·---'-----------'7---'-----==-'-----'-'--- ---- ----
_##_##_##_#1_1141_!!##11_ _ ·--· --- _____ ....:0.:./_##_#_###_;_I ___ O.:..I __ .c2:~---'-_ol ___ O.:..I ____ ...;OI ____ o_, ___ ....:o-"-I_#_V_;_AL-=.:U-=Ec..! ______ 0~1 ______ 0_. _____ _Q~_ 
#######I ######I #~ALl,!_~! ___ -~1 ####-### '-- _2:~ ~- . _ 1~:_- -~0~- ~! _____ 2 1~~UE ! i #V ALUE1 #VALUE! 1 761 16• 0 ------
o• o ·-- 6721 16791 26861 --~~- _7~9 1 3071 25 128791 10882! 6223 / 146• 46• 3 
I I 672 ' 10071 13431 4.01'! 01 01 0' 8491 8401 8221 01 0' 0 
I 2 1041 3141 5881 ]_~ - . -- .2 !2~ __ _:2:...:42::;1 ___ _;_7 ____ 4-=2::.:85"-1. ___ .::27:.:.5:..::2.:...1 _ _....:1037 ' 143 36 I 
_ _2!~ _____ 37_7~ 44 1 9' ________ 9~:_--~~~- _ 6~9-~ _ _ ....:40..:.8::5+1 ___ .::3.:..49:.:2:...1 _~2::8_:_99.:.....' ____ 18:..;.1 ____ 1..:.2.:... ----~ I 
2. 2 ~I 991 1581 0. 13 1 1661 77 1 7 3941 3641 2701 33 12 ' I --- -- ------------ --·---· --·- ___ .:.:..:.:..__..:._;_:_ __ _..:. ___ ~~-'---~=.::.. __________ ....:_:: ___ ---- - --- -
I _2_ _ _ --~---9_9 1 ___ 1_5_8_~~ _ _. 1941 l l61 381 1941 1871 161 391 17' ~ 
___ 2 ___ 2 _______ 1, 2~7:..:.7_' _..:.1_:_9 :.:.16:...1 __ ....:2:.:.5::.:55:.:1 ___ :.;1..:.85:.:1 _______ .:_:1 0:..::3c:c5 i ~92 1 129 174061 149901 I 14_7...;.6_1 ___ _::2_:_07 __ ·______ }_~ : _____ 13 
I I 426· 10641 1703 0.62: 1483 1 6921 31 124151 9326 1' ~235 1 309 • 104· 3 
-------~--...;._;_ ___ ::.;~---~~-------
~!~- __ #_V~!J_E_! ___ ###### ___ I_!I_ I#!:fl!l.!_~.-- . _3..!_ ________ O_I ____ OI ____ O_:_#_V_AL_ U_E_!_#_V_AL_;_:U_E;;_! #VALUE! 0• . ___ _Q~ _ ... ~ 
~1~_1_#V~!J_E~ --~'-~·-----3_1 ____ 2641 187' 109• #VALUE! I #VALUE! __ #.V....:..:AL:.:.U::cE~!:..._ _ _::.:53~- -~----~ ~ 
_ _____ 0 1_~!,_ ________ 0,_ _ 01 01 2/ 957 1 352! 373 0 / 01 _....:0;_1 __ ......:_:19..:.1 . .:..1 _____ :::5~_' ___ 3~ 
r--- 01 01 II 131 I 172 ' _ 2.:...93'-'9-' __ 2_! _____ 3'-'9-"8'-91 _ _;_:15:...:5_7;_1 --'l-'-77:...4_: __ 1:...:5~67..:.9,1 __ _:9..:.43::.;7_1 _ _ 8:_46= 21i----'7..:.98::.;  __ _:::23:..4:_' __ ..:..:_177 




.. _ _ _:_6: __ 1741 ___ 39_2:__ ..:2~!. __ ....::=6.0:_' __ _.::2:c29:...' _ __:1.:.06::.;1 ___ 1cci __ .......:.I09::::.:1.;..! ___ 7.:..:1:.:0.;..1 __ ,.::3::.;38::.1 ____ 46..:::::,1 __ __:1~6:__ ___ ~ 
I 
0 
46 · 174 392 : 
6675 10050 14107 
2 
12 
I I ~· 1741 392. 2. 
688 · 360• 71 1091 I 7101 3381 138 ' 54 .. --· ·-·--·----------------'-;;..:. ____ ::.;:...: ______ ::...c ____ _ 26.0• 
: J .O 1945 · 1701 1458 106781 ; 76071 505:...2:..:6_1 ___ 3~8:..:.9 __ __:25=.::..5 ___ ....:_14:..::6 
-------------------------------- 1801 1241 46 . 1091 1 7101 :..:33:..:8.;_1 _ __:3c:6_1 __ _..:.1.:...9' ____ ~ 
15i 81 9921 7191 :...54_7 ___ __:6 ____ ~2:~---'-11 I I F9: 1271 244, 0.21 ---------------- 12.01 301 
1 2 1841 5751 I 1041 0.4 i 12.01 5541 273 1 401 2745 1 21 111 1253 \ Ill 41 ~ 
#VALUE! ######I ~---:___2_, ___ 1._01 _____ 0.1 ____ 0_1 , ___ O_ #_V_AL_ U_E_!_#_V_AL_ U_E_! #VALUE! 01 01 0 
#######: ###### #VALUE! ######I ####-### 3 1.01 83 11 3791 ~3 , #VALUE! #VALUE! ! #VALUE! 166 57 : -1 .. --- -·-·---- ----· ------'--·---'----=-.:...::.:c-_.....:..=:...:-=:c_.....:..=c-:= __ _:..::.::._ ___ :.:. ____ _ --
0 0 ..!_ 1_3_~~- 13431 --~:_ _1_~~! __ _22_9_1 __ 2_7~_1 ___ _:2o__ _ __:6440__::_1 ___ ..:_43::.:2::..4c...l _~l:~l .:.:l3:...' __ _..:.146.:.::... _____ 4~1 - _____ ~ 
01 I 112! 3501 672: 41 12.01 01 01 01 4241 3471 257 1 01 01 0 
lumen hours 
----------------------- ---------------~ ------~ --------------lr-------,L---------------1 ------------- -
mid max 
l---'2~.3:...1 __ .::2:..:..7.:..:! _________ 4~.2:..~--~~ 7~.6:...· ____ :..:35:..:.1 __ 0:..:..00: .:.:..1 ____ .;..' __ _.::2·:..::6.:..:1 __ -=2-.:.21~ __ _:1:..::.6.:...' ____ .:.:15::.o~j _____ I:.:2~-6~1 ____ _:_9~.6TI ______ .:..:l i ______ ~O;_I _____ ~ 
2.1; 2.41 7.01 29.31 591 0.1 01 2.91 2.41 1.61 25 .0 2Ll j 16.01 II 01 0 
~__:0~.5:...1 __ .::0:::.5 __________ o:....8:..1 __ ~3~.5:.:1 ____ ~78~
1
1~o0:..:..· o0~11 :...ll ·-----~42:....6:...1 ___ 4.:.:1.:.:8~1 __ .......:.14"-.4:.:1 ____ .:..1:.:3~.8TI ____ _:I.:..:L:cOI;__ __ -=6·.:..:11;__ ____ .:_:11.;_1 ______ 6~'----~~ 0.41 0.41 0.91 3.81 43.41 37.5 1 14.61 14.9 11.91 6.6/ 91 61 I 
0.31 0.4_1 ----__ 1.3_' __ 5:::.3:..:_1 _ ___ _:_1 l:c.i_0.:..:..0:.:2:~' ---~4.:.5 ._:_9 .:..:1 _ __:4::.;3 ·.=21;__~1:..::5 .:..:.4.:..:/ __ .=20::..7~1 _ _ .:..1:.:6::..:.4 ;_1 _ __::9::..:. 1-;-1 __ __:1.:..:11 ___ ~6;_1 _ _ _:.21 
~- 54.2 , 9.91 24.71 40/ 0.0161 10.81 7.21 2.81 90.9 / 84.41 64.1 / 2! II 0 
~~~ ;·:..:.i:c:c~~-- -· _-__ -:::=;:==
1







260.91 260.91 38.11 5'7.1 1 761 0.1041 0.01 0.01 0.01 0.5 0.51 0.51 Ol 01 0 
hrs/day years Units per hour 
min I high vol.or mass 
cents/litre/day ____ -'------------'-------tL::.C.::.C.:.:...:a.:.:l.;:.cu:..:l.::.atlc..o:.:.ns::........ 
1 
IR12001it= 
min ! mid max ; Rpv max I Rpv mid I Rpv min 10 pv max 1 0 pv mid 
20.0 0.0181 0.088 . 0.191 8861 5751 3731 10081 491 
0.003 1 0.1601 0_.3:._1_1 ________________ __, _ _ ....:1.:.648...::.;-1 __ .:_73:..:0"-1 __ _:2:.:.7.:.:1 '~--=-1 .:.:72:..:.9.:...1 __ 8:..8:.:.71 
o.o31 1 0.069 1 0.211 I 12191 5151 1691 1181! 385 
20.01 
20.0 
- --- _ .. _2~.~---- _________ _....:_0':..:.00::.:5:_1_ 0.1131 0.201 16791 801/ 3481 1084, 627 
0.8351 1.11 31 1.67 1 I I 16481 703 1 237 1 9273 1 6182 
-. -20.0- - -- - --==0-,8-3-5 -. - ...! .. :_1_!2~-- ~i~-' --------;-------------+--=1648:.;c:.l;__ ___ 7:..:0.:.31;__ _ _::23:..7.:.! __ 9:.:2:.:.73:..1 _ __:6:..1:..::82=-1 
20:0----- -·--· --. 2.888· 2.8881 2.89 / I I 1648 1 703 1 237 / 16035 1 16035 
20.01 
I I ----- ----- ---- __________________ ....:_ _______ ___ +----'----- -"-------- ·----
1 i I ------------ ---------·--------------'------- ---+---+-, --------clc------'--1 ---,.----1 
l-----------------------------------------------------------~------~--=-------------------1 
i -·- -- ----------· ------- _________________ _;_1 _____ ;____ -:,------------l 
----- ---- -· -- - - -----·-----------------,, ----·-------------·------
' ---·--- -------- --·-- ---- ------------------------r----,.1---.,-,----~---·----
- -- - - -- - ---------·-- --------------!--1---;-----'-------l 
- ---- ----------- -- --------------------'---------+----+----.;..1 ___________ --l 
i I I I 
I I I - ---- ·-- -- - -----· ·--------------------------"-, ______ ....:_ ___ ;__ ____________ _ 
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- ... .. \ 
Appendix E 
~--- ----- · 
Connection 
' 
--· --- ---- --- ·---- LCC i. !LCC ---- -- - _ ---~~~----
- ~CC ___ LCC ·-- 1LC<:__ amort fEnergy ILCC •amort !Energy LCC amort energy LCC 
R/day IMJ/day IRJIOMJ R/day MJ /day IRI!OMJ lRJday IMJ /day RIIOMJ 
R~v~;--; Rpvmid ,Rpv min lmin - -;id ---~ min !minima !minima !mid imid lmid maxima maxima maxima 
--~: 5.1 0 .11 1030.7 1751.31 233 1..11 0.41 5.41 0.81 IAI 11.11 1.21 2.8 1 --'~---'--8!--- -
9.5" 5.1 0.7! 2772.91 5487.~8.6 : 0.91 5.1 i 1.7 j 2.7 1 11.1 / 2.41 5.4 1 15 3.6 
___ 9.~ 5.1 0.7 ' 1248.3 1 3853.61 6744.0 1 0.3 1 1.81 2.01 1.21 4.11 3.0 1 2.5 1 ___ 6 _ ___ 4_.3 r--- -
- ~- ~~ - - 0.01 369.41 563.71 699.5 i 0.2 ! 1.7 ! 1.4 1 1.31 6.0 1 2.2 1 2.8 1 _ 8 ___ ~ -- --
0.0 ' ---~~---~0~ __ 256.8_:___2~1 1 ~86.2 . 0.2! 2.61 0.81 1.7 1 9.2! 1.81 3.8 __!3. ___ _2:2 1----
-----~---...!.Q~~-- ~~-~8..!.2:_5_• __ 24~c~!..._}~~-~_2~---~~~--'-·3 _1 __ __!_:~[_ --~1 -~~- _ 3.0 15 2.0 
14.9 ' 10.2: -~~-~--3~0.7_1 __ 6430 .8~ 896~ 1.01 5.61 1.8 1 3. 1, 11.61 2.7 ' 6.0 . -~ -- --- .:::!. -- -
0.01 0.01 0.0 1 0.01 #VALUE!..:_ ___ ~~~ 6.61 O.OI #VALUE! I ~L######## I _ __ ~. ~--~ --
0.01 0.0 1 0 .0 1 ########I #VALUE! I #V ALUE!I ###### I 13.3 1 #VALUE! I #V ALUE!I 27.61 ########I ########I 35 #VALUE! 
0.01 0.0 ' - -- ---- -· ---- 0.01 6570.91 11801.21 I44..:.25=.3:..:.i_.....:.:l."'91'---.::.64cc.::.:81 ___ o::.."'3 1'----'5"'.o::.l_--'1::.35:..:..o~l _ _ _ ..:o.:.c.4.~1--8=.2~ --~---· ~ c----
0.01 O.Oi 0.0 1 822.01 839.81 848.81 1.81 2 1.61 0 .91 2.81 25 .91 1.1 1 3.7 ' 26 • 1.4 
_ -~---?.!''- _ .!.~-'_!.__E24.6_, __ 4~ -?~7_4._, __ _1?~~- __ --=5'-.o_l ____ ,...;.·3-'-l ___ ,_.5_1 __ 9.5 !.._ _ _!~i_ ____ 2:2__ 10• 2.6 
16: 1.0 ---~~-- 7.61 _7~:__~~~.l_- 4605.~_ 5369 .0 :_ __ 1:.'_~ 15.6 1 0.7 1 IAI 1561 __ 0_.9 1 __ 1.6 ------------










. _ ~:~ !...- ~2~0 ~-- _}~c6_1 _..i?l~----=-0:·:::2.:..! __ .:.c1. . ::.3 _____ ..;.:.1 20 ,! __ ..:o..:.5._i 
81.7 12844.3 1 17334.61 20876.2: 3.9 1 27 .2 . IA I 6.1' 
·- - - · 
91.9 1 9801.61 15026.4 1 18439.2 2.7 1 13.9· 1.91 4.71 -------------- - ------- --- -------
0.01 ########I #VALUE! I #VALUE! ' ###### I 6.61 #VALUE! I #VALUE! I 
-. ---···- - ----- --- --------- - -----
0.0 1########1 #VALUE! I#VALUE! I ###### I 13.31 #VALUE! I #VALUE! ' 
- ------~---- · 
0.0 ' 1596.91 1858.6 1 2243.5 0.61 8.41 0.7 ' 0.61 
2.6 i 2.0 ' 
34.0 1 1.8 










6.21 ########I ########I 6 #V ALUE 1 
I 1. 11 ######## I ########I 9 #VALUE! 
140.0 1 0.01 1.2 1.4 ----
0.01 7.61 0.01 16049.3 1 17657.81 25027 .01 5.81 20.1 1 2.91 6.0 1 
l- --.::.0.:::0_1 ____ 0:..:..0.::..1 _ _ __:0~.0'-l --'.:..75'-8-'-8-=.4.:...1 --'11-'-4"-54 .. 4 1 15067 .1. 2.1 1 99.41 0 .21 3.2! 
117.71 0.5 12.9 • 





___ 6_.3 ____ :3:.:..4:...· __ __:0.:.c.4_·_..:3..:.7o.:..9.41 907.5 1 1460.2: O. l j 2.41 0.6 1 0.61 7.5 1 0.8 1.41 14 1.0 
---
___ ---~~ _ ·- _ i!:.... . _ _QA ____ 6_0~4~ __ 1374,=-2 '-1 --=2:c:.I :8_8:.:..2~ __ .::o·c:.2;_1 --~2.-'-4 : __ -.:.:o·.:..9 _1 __ o::.,9_, __ 7 ~~----1.2 ___ 2_.2_: ___ 14 ____ ~ __ _ 
___ __ 6_.3 ____ -~:~ : _ __0_.4_. _56~72.5 ~-~3~c 7:..1....c...:llc:.5:...17,~6::.:.6:.:., _.::.20::..5~1--'1..:.1 ~75::.0ocl ___ o:;..2~1--~30:.::.2::.:_..:1..:.38::.2:.:..4.:.......1 ---=0~.2: c· _ __:.4 .:...:1 .:...7 _ __:lc:.5::.:55~ ___ o::.:·::3l --
6.3 3.4 0.4 513.0 1 941.71 1383.3 · 0.21 2.41 0.81 0.61 7.5 1 0 .8 1.4· 14 0.9 ----- - ------
___ 0_.0_· ---~0 ___ c:.O .. :O.:...I _ ..:5.::.68::.:·::0_1'--_.:..;75: 6:c·:5:;.1_ ..:.104:_:..:.7::.8.:..1 _ _;0:.::.3:.;.1 __ ::.2.::.5 __ --=.:1.:::0:...1 __ ::.:0·..:.~ ;_1 - -=5.6_1 ___ 0_._7 ____ 0_.7_' __ 7 _ ____ 1_.1 __ 
14.9• 10.2 ' 5.61 1387.0 1 2592.5 1 3608.2: 0.61 6.5 1 0.91 1.91 14.3 1 1.4: 4.0 1 16 • 2.5 ----
_ ___ O_.O: ___ 0.0 ____ O_.O_I_#_##_It_#lt'!!f::-.1 ..:.#V.:...:ALc=U::.:E::.:!..:.I..:.#V-".CAL=U::.E::.!:.:. ..:.#cc'l ;:.:.1 '1~11 .._,u i __ .:...I4:.:.7:..:.1..:.#..:.V.:.cAL=U=E:..:.! I..:.#..:.V.:...:AL=U=E:...! 1 _ _ _ 4::.:2:::.6:..:.i.::.##::.:####:.::.::.::.:lt:.::#.l..: ##:.::.::.#::.:##:.::##c.:.::..#I ___ 7:.:5'-2#..:.V.:...:AL=U::.E!+ -
0.0 0.0 1 
0.0 ' 
O.Oi ########I #VALUE! I #VALU::.:E::.:!,,_I ::.:###:.::.::.###::.::..;.I __ _:8::::.8:.:.1.::.#V..:.AL:.=U::.:E::.!.:.ci.::.#V..:.AL:.=U::.:E::.:!.:..1 _ ____..:1c::8.:.c4.:..1 ::.:' l:.::lll.::.ll ::.:ll#:.::##::. l..:.#.::.#::.:##:.::#.::.##::.:#:.;_l _ _:lc::8:...1 .::.#V.:.:AL:.=U::.:E::.:!_I-----
0.0 
0.01 0.0 1 
0:::.0:;_' --='·...:4::.:59:..:.· :' __ _:5:.:2::.37.:..;.61 7985.7 
0.0 1 257.2 : 346.91 424.4 1 
0.41 
0.3 1 
21.61 0.2 ! 2.1 1 81.01 0.3 4.6 • 86 0.5 
36.01 0.11 1.01 65 .81 0. 11 !.81 37 0.5 
R/day flumenhrs/1 c/IOOOimhl R/day 
min lmin lmin ;mid 
llmh rsldayj c/IOOOlmh:.:.rs:_ ___ ' ='u=me= nh:.:.o:.:u::c: c/:..I:.:OOO:::::.:I:.:.m:.:.h:.rs=---
lmid imid 1max 1max max 
f- ---3·~~-- 1.6. 0. 11 12.01 17.0 1 21.41 o.oq 8001 1.81 0.061 1400'-l ___ 4::.:.6,-'I---"'0.-'-14...:.1_--"-2400..:...: _ _ --=.;5 . ..:.7
1  
__ _ 
1----~ _ __ 1.6_• ----~-I I __ , ~-1 --~--"3_1:.;.. 8;_1_..:.0 . .:.02"-rl---=1"-'32:..:0.;-l __ _:_1...:.71..___0.:...:·.:...10::.;.1 _ _.::.23~1-=-0r-1 ____ 4.c:.2 ;_! _ _;0:.:.:.2:.:0,1 _ _;3:c:.9 .:.60:__ _ _ ...:5=.2 
1-----3-~ _ --~ ,6~ ___ '!:_1:___60 __ .7_1 ____ 7_9.~ 96.4 1 o.o2 i 12oo i 1.91 o.07 1 2 1oo l _ -=.3.:::.3_,_1 __ o::·::..:'3..:.1 _ _ 3:.:600~·--·-'3=.71--
3.2 ' !.61 O.li 62.21 . ~c~ 81.91 0.021 25001 0.91 0.061 43751 1.5 : 0. 11 7500• 1.5 
1----·-
3.2! 1.6: 0. 1! 67 .81 87 .31 103.21 o.o3 1 6oooi 0.41 o.o8 1 I05oo l 0.11 o. I41 18000 ' o.8 
o.o1 o.o1 o.o1 72.3 1 96.5 1 101.01 o.o3 j 401 76.5 1 o.o81 80I 96.7• o. I3 1 320 39.9 
. I --~~~--~~--~~--_:.:~1----
- --~~~ 0.01 0.0 1 526.31 662.61 730.11 0.221 10001 22.21 0.53 1 18751 28.3 i 0.871 60001 14.5 
14.91 10.21 5.61 236.11 319.4 j 369.01 0. 101 6001 16.61 0.261 6001 42.7 1 0.441 800 ' 55.0 
~--~~-----~~--~~--==::.:~--~:::c..:.r-_::.:~~~~--_.::.:.:.:.. __ _.::.~--~=-=~--~~--~--=~~-----~----~~~----·-
0.0 1 o.o1 o.o l .. o.5 1 o .5 l o.51 0. 101 401 26o.91 o. I61 451 347.81 0.211 120. 173.9 
1-----:-----·------ - :connection I I LCC j j R/day/2001itre fridge 
0 pv min iM pv max M pv mid ,M pv mini R pv max IRpv mid ' R pv mil min 1mid I max I minima !mid ,max 
981 68.3 1 86.31 96.7 ' 2.01 1.41 0.71 2702.61 2981.81 3644.9 1 0.37 1 0.541 1.00 --
3491 127.01 109.51 70.31 2.01 1.41 0.71 2243.21 4046.41 3680.61 __ 0::..3:..:1:LI _ _.::.0·..:.74c. I; _ __:I.:::.O..:.II -----------
172 94.01 77 .21 43 .91 2.0 1 1.41 0.71 1355.01 2613.9 1 2415.51 0 .1 9;...1 __ 0::.:·~48:,1 _ _.::.0·:::66+---- - ----l 
-- 3581 129.5 120.2 1 90.2 1 2.o l 1.41 o.7 1 2788.41 4095.5 1 3554.31 o.38 l o.75 ' o .97 
~-~~~~- _ _1_~7..:.'_ _1_~~'~-- ~I_:? I 14.9 1 10.2! 5.61 6299.41 9232.91 IIOI0.6 j 0.86r --,-.6-'-9 1 -3-.0-2t-- -
4636 • 127.1· 105.41 61.5 : 14.91 10.2! 5.6 j 6299.41 9232.91 11 01 0.61 0.86 1 1.691 3.02 
1--- 160351 - I 27. I -I -- ,05.41 61.5-1 ---o~ol- -o.oi- o.ol 17692.51 19075.91 17758.1 1 ~~sl'----=4..:..8..:.71-
I 
- -------- -------· -------"------- -'----'-----'----+----k-----------------1 
' I ------- -------------------!~------'----'-·---'---------------------
,-- -· - -- ---- ·-·--- -------------- ----------- ---- - --------- ----- - -1 
- ·- .. ·--- --------- -- ------------- ------------------
- -.. - -- -----·-'--------- ---·---·------------·--- - - -
-~-- -------- ---·--- -----·-----'----- ------- - -----1 
I ' I --r-- ---------- ---- -- -·------------ - -----
r- - --
' 




~~··~·~rn:~g~·~--------------1~----~-----~~ ------------~' --------------' ------~' --------------' --------------------------~ 
fuels I I cost or access 
-ru-el-------- . -p-p-lia_n_c_e __________ fp~n~-c~es--~1 ------~-----------~~~ ~----------~-------, .-ffi-,c-ie_n_c_Y_I _________ ______________________ _ _ 
,cooking minima !middle maxima .minima lmiddle :maxima IMJ/unit lworst !middle best reference 
elec 'hotplate 0.191 0.23 1 0.271 12.51 88.8 1 165.01 3.61 55 1 65 1 75 1 
------ --~' o~ve:::n ____________ i_--~0-~19~1--~0~.2~3~1 ___ 0_.2_7~1 ____ 12=.5~1--~8~8.~8 1~-~16~5~.0~1 --~3~.6~1 ____ ~55~1 ____ ~6~5=1 ____ 7~5=1 _________________ ~1 
0.191 0.21 1 0.27' 12.51 88.8 1 165.01 3.61 551 601 65 1 'micro-wave 4 
paraffin_ _ wick 1.041 1.531 2.02! 01 0.01 0.01 371 201 27.5 1 351 
_ _ __,p:::ri::.:m:.:u.::.s -----------·--~1~.04~1 __ _..:.:1..::..53:.J_ __ _c2:.:..0:..:2=' ____ _::_01;.._ __ ~0=.0:.:.1 ____ ..:.0·:.::0~1 ____ .::.37'-'1- 301 42.51 55 i I 
~as ---~- __ -----+ ---1=.6:.:6:.::1 __ ~3=.2:.:7..:.5+-1 __ _:.:4-~89:_1 __ __:9..:.7:.:.5"-l --~1..:.7:::8·.:.7 '---=25:.:9..::.9:.:.1 ____ _:4..:.9_:_1 __ __:4:.:::0:.1. ____ ::_50:.:1 ____ _:6:.:0:.:.1 _______ ---~-- -~ 
!.661 3.275l __ ...:4c·:8:.::9_1 ___ _:_97:.::.5::.:1 _ __ _:_17:.:::8:.:..7_' __ ..:25:::.9::.:·.::.9:1~ ___ 4.:..:9~:_1 401 501 601 1 
01 0.73 1 1.46i Ol 0.01 0.01 17 ' ---13_1_ ----14_1 ___ lsl ________ ___ -- I stove 
3-stone wood -
_ _ _ _______ c:_:st..:.ov--'e'------------- ll-----0'-'----0-'-._73,_,1 ___ __ 1.46 .:::;i ____ ___:O:::_I ____ _:O::.:.O:::_I ____ _:O::.::.OI _____ __:_I7 __ 1 ___ _::_20::.;1 ____ _:::25:..'___ 301 
coal stove 1 0.23 1 0.39! 0.55 1 Ol 0.01 0.01 27 1 201 25 1 301 I _______ _::.::...;;__ ____ ~----~~--~-~--~~-----'--'-'------~-----'=~----=-c..:., ____ ~;__ ____ ~-----==-----=-:.:-------------------~ 
brazier 0.23 1 0.391 0.55 1 Ol 0.01 0.01 271 61 81 101 6 
water heating I I 
elec ____ J!Y~~----------II---'0::·.:..:19:.J._I __ :0=.23 I 0.27 ' 17.5 :...1 __ _:_1.::.32:::.5:.:1 ___ 2:_4:..:.7:.:.5~1 ____ :.:3-::.61:__ ____ 4.:.:8:;1 ____ 70_1 ___ 9_2! _______________ 7 
0.191 0.2_?.L-0.27 17.51 131:51 __ .:_24:..:.7:.:.5_;_1 __ __:3::_:.6:.;1 ____ _:9::_:6• ____ _:_9:::.:_6t- -- _9_6_, ---- - -- - ------- ~ 
paraffin . . wick/pot _ -~- ___ !_2~L -~-~----~ - 001 ___ 0:..:.0.:;1 ____ 3:..:7 __ , ___ 2_0_! _ _ _ 2_7_.5_1 -·-- ~5~-- ------ ___________ ~ 
_ ··-- __ . ...P!':::.m:::u:.:s/"'po..:.to_ _____ _ 1.041 1.~-L---2.021 o• o.o. o.o1 37 __ 3_0~ _ __ 4_2_.5_. ____ 5_5_ _ ·- ___ ___ _ _ ____ 1 
~as ____ __;ic::n-...:.li:::n.::..e ____________ -l-----'l"-.66=1---3'-' . ..:.27'-'5'-'l ____ 4_.8_9_' _____ 9'--7 '----=-l'--78::.'--7! __ _::_2::.;59:.:.9:..;1 ______ 49:...'_ 401 501 601 I 
__ ____ __,gc:,eYc::se.:;r;__ __________ + --'--"-1...:.66::1 __ -=.3 .~2'--75'-l----4-·..:.89:...1 ____ ;__97:_:1 __ _c_l7:..:8:.:..7:_! __ -=25:.:9..::.9c..' _____ 4...:9c..l _____ 7:.:5:.:1. _ __:8::3:::.5:_ ____ 9_2_! __________ 13_._10 __ 
~~- _ __ .......Jpoo.::.::.tl ::fi:..:re ________ 
1 
___ ~0.:...I __ __::.o;..;..7:3_._1 _ _..:.;1.4_6:...• ____ _:_01 ____ ..:.0:.::.0;..;.1 0.01 171 131 141 151 . .!. 
pot/stove 01 0.73 1 1.46i 01 0.01 0.01 17 ' 201 25 ____ ...:3:.:::0.:..1 -------- __ -------·- I 
rolar ____ ...:.S::.:W:.:.::H~(i:.:n:.:te~gr:U~l _______ l---...:0"-1-----=-o+-i ___ O:_:I ___ ~O=-! ---'O::.O:.:I ____ _:O:.:.O:.:.I __ _..:.I_:I _...:.1..:.~~ ---=-l~~:.:.l _~l~~l~--------~12 
~---- _ _ solar/electric 0.191 0.22945 1 0.26841 17.51 132:..::·5:.:.1 __ ..::2:.:4..:.7.:.:5:...1 _ __;3::.6:::1 ____ ..:.16:.:0:.:.1 __ __:2:.:3::.:3·::::.5:_1 ___ _:_3.::.07:_' ___________ _____:12 
coal stove(jacker/pot) 0.23 1 0.391 0.55 : 01 0.01 0.01 271 201 33 461 1.5 
space healing I 
elec radiant heater ~--..:.0-~1:...91~0~.2=2~94~5+-~0.~26~,M;__: ____ 7~.5~1--~5~8~.8~1 ----'1~10~.~0 1'----~3~-6~1 ----~IOO:.:::...I __ ~I..:.O~I-----~100:.::.:.1 ___________________ _ 
oil filled 
-------~.::..:.~=--
0.191 0.22945 1 0.26M, 7.5 • 58.81 110.01 3.61 1001 1001 1001 
_ _ _ --~eat pump ___ ----- I---0==·~19~' --=-0-".2=2~94--'5'-I---"0-".2"'6.::..M ___ __;7-".5=--I-----'5:.:8:::.8:...' __ _.:._11:..:0.:..:.o:c.: __ ..:3.:..:.6:.:.' __ ......c3:..:00:.:::...1 __ ......c3:.:2:.:0.:..:1 _ ......c3:.:.40:.:::...' ___ _ _ _ __ _ _ _:: 
blower 0.191 0.229451 0.26M· 7.5 1 58.81 110.01 3.61 1001 1001 1001 II 
paraffin ____ h:~---------l~-==1..:.04_.:..:.' ____ :.:1.::531 2.02: 01 0.01 _ __ :o,.c:.Oc..l __ _:3.:.7_' ___ ...;.::.3 .:..:.• _ _..:.12:::·::.:.5 __ _..::1:.::00..:.:..1 _________ ___ _ 
~-- _ __ :.:h•::a:.:t•::.r __________ + --l'-'.7'-'----'3::::.3.!.---4.:..9c..' _ __;9:...7..::.5~ __ .:_17:.::8:....7c..' __ 2::5::9..::.9_• ___ 4:.:9.:.:..0 .1 40.01 701 1001 
wood open fire 01 0. 73 1 1.46.:..::...' ____ __;0:_:1 ___ ...:0:....0:.:1 ___ ...:0:.:.0::' ----'--"-17..:.1 _____ 8::5:;.1 __ __;9:.::2:::.5:_ __ _..:.1 00:.::.:.1 ____ ____ __ _ 9_.5 __ _ 
1
---_ ____ · ____ _:s::to:..v:.::•~------'-' ------·I-------'O'-'I ----'0".7:.:3~1 ____ ::1...:.46::' ____ _..::0:.:1 ____ ...:0:::.0:.:1 ____ ...:0:.:.0:.:.1 ____ '--"-17_1 ____ _:2::::0:..:.1 _____ 40:.::.:. _____ ..:.6:.:0:..:.1 ___________________ 9 
coal ____ ____2tove 0.23 1 0.391 0.55 1 01 0.01 0.01 27 1 201 401 601 9 
brazier 0.23 1 0.39 1 0.55 1 01 0.01 0.01 271 171 58.51 1001 5 
_ _ _.:..:l::i,g.::h:.::ti::.:n,_g _ __ I ! , :efficacy , lumens ~------------~, ------~------..:._ ____________ ~ ____ _.:._::.::.:::.:~_..:: ____________ ..:::.::.:=~---------------
1 1 i lumens/watt max min 
60~-0~-~19~~-0~.2=2~94-"5~:_M::.I __ __c2::::.5,1 __ ~2~8 . .::.8:_1 --~5~5~.0~I --~3::.:.6:.;i ____ ~I::_:OI ____ ~I~O~I ____ ~IO~I--~400~1--~400~1~8~,8--~ 
100 0.19 1 0.22945! 0.26MI 2.5 1 28.81 55.oi 3.6j Il l II ' Il l 6601 66018,8 
r--------------~~~~~~~-=:.:.:..~-~--=~-...::.::~-~L--~--~-~~-~~~~~---
nuoresccnt ! 10 to II 0.191 0.229451 0.26MI 2.5 1 28.81 55.01 3.61 501 501 501 6001 60018.8 
~--·------'~~~~~~~-4~~~~~~c....:.r-~~~-~-~~---=-~--~--~--~--~---'~---'~~---l 
0.19 j 0.22945 0.26MI 2.5! 28.81 55.01 3.6j 621 62: 621 12501 125018,8 
elec ' incandescent 
13 
18 0.191 0.22945 0.26MI 2.5 1 28.81 55.01 3.61 751 75 1 75 1 3~1 3~ 1 8.8 
paraffin !hurricane 1.041 1.53 2.021 01 0.01 0.01 371 0.31 0.31 0.31 801 2018 
--------~I P:.:~=s~su::.~:..._ __ ~l -----1~---'1.:..:.04:'+-1 --. ::1.~53~1 __ __:2.:..:.0~2~: ____ _:O.:_I __ ---'0=.0::.1 ____ 0::::.0.:. ;1 ____ ~3~7~1 -----'1:.:.2:.:.1 ____ 1::..2::::! ____ ..:.1.~21:..._~1 .::.500:.:_:...1 __ ~500:.::.:.1 8~--~ 
pressure l 1.71 3.3 4.91 97.51 178.71 259.9! 49 \ tl I I tl 2001 30018 gas 
candles · · 0.351 0.51 0.65 1 01 0.01 0.01 3.51 0.2! 0.21 0.21 301 1018 
refrigeration prices I !UniWday1 ;efficiency ! 
---------~~~~:..:.::-------¥~=-~----~r-----------------~-----r-----+~~~------------.:..:C.:.:..:=~+------------1 
'200 litres normalised vol minima I middle maxima minima I middle I maxima IMJ/unit I minima I mid 1maxima iworst I middle I best 
_el_ec ______ __:m~·~dg~e~o~n~ly __________ 1 __ ~0::..1~9"-i --~0:.::.2:::.3LI --~0-~27~1 __ ___:1~2=.5~i --~23~-~81 __ ~3~5~.0~1 ____ ::_:3·.::.6:...1 ___ 0:::·::.:35~i ____ ~l~.4~1 --~2~.40.::.1~------------------l 
f-- _ _____ _:fn:.::.d::.gc:.•.:..:fr~ce=ze=r__,_(t:.::o"'p)'--~'---=0:.:. 1_9:.._1 ___ 0::.2=3L_...:0.:..:.2 ..:.7_1 ___ 1:.:2.:..:.5CLI __ -=23:.::.8::1 ___ ..:.3:::5·=0I--'---=-3:.:.6Lj __ __:_:_I.0=3::.1 ____ 2::::.0:::1 __ __:2:.:.9..:.0:...1 ------------------
chest freezer 0.191 0.23 1 0.271 12.51 23.81 35.01 3.61 0.671 0.8 1 0.951 
t-· upright freezer ' 0.191 0.21 0.271 12.51 23 .81 35.ol 3.61 1.091 1.7 ! 2.401 
I 
i 
gas lmdge/freezer 1 1.661 3.2751 4.891 97 .51 178.71 259.91 371 1.101 1.1 1 1.101 r---------:_;;:~~==------~--_..:.:.:::; __ ~~-~--.:.:.::.__: __ ..:.:.:.~--~~--~:.:.;_ ____ ::.:;:_ __ __:_~~--~=----~=-----------------·-
chcst freezer 1.66 j 3.275 4.89 1 97.51 178.71 259.91 371 1.101 1.1 1 1.101 
paraffin t.041 1.53 2.021 o.ol o.o1 o.o l 49 1 0.761 0.81 0.161 
l: l.c::M;hani.JGmw:n(J987)L_-'!----'---..;.! ____ ~----'-I :.:II:;~H.::ca~er=:.:hlow=er~~·!:pea=f>ca=u=·ons::__ ____________ 2_1_:A_DC__;_I_996~) ---
2:Gn:yv<ostcin(l!l'l2) =F , t j12;Hall(1993) 22; 0aylino5ales(1996) 
··-· _ ----------------lFJ:~Enct='"'"KJc=·(l996) ~ -----------------'-1 ~13"-; Tc.:u:c.riot=(1..:.986=) _ ____________ 12:::3c...: P:...on:c.rrr=P.:clncl\=ors=(1..:.99:.:.6 
4: KJC(I993) : , 1 I14; Morkols(1996) 124: AEG(1996) 
~:Am- & Dutlticwicz m Viljocn (19'13:11) I I I 115: Macros (1996) 125; Solar Specialisls (199_ 
----------~~==~==~~~~----..:::__--~----~----L'--'==~~------
6: McGr2ftahan et aJ (1980), Smitll ( 1981) and Stan font (undaled) in Gill ( 1987) 116; Russols (1996) !26: Sol Energy (1996) 
- ·-·· --- - ------· _ _______ 7: a ... ,.<.!._ .. ~- ·---~ ---------''----'----:...~ ____ J..:j 1~7;:.:T~at:.:•be=rg!:(~19::96::cl:..._ _________ __:2~7-::..:D::io:::ns:.:(~19::9.::!6)~-- -l 
r-- -- --------- -· S:Cowanctai.( 19Yl) _L__ 18: ValuoSupor (1 996) 2B; CapeEnorgy(1993) 
9: H<nfalltl9'121 i 1 19; Botlstar (1996) '29; Hyporama (1996) t- -- ------- -------ll===:..:.c.:..:.:::;__ __ r--_ _______________ +-! ----'~==='--------------===:.:2==!:..:.:~-l 
10:E.l.siJas(1993) 1 20:GasMasu:n ( J996) 30: MowbnyStauonSup;=~ 
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I· 
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Appendix F 
1---------------------- ---- --- ------ ----'--------------------------
-- ------- --------- -----+'---4----------;_ _________________ _ 
appliance p~------- !expected ~ hrs/day I years hrs/day ,years lhrs/day 
1
years Units per (R/10MJ 
•max mid 1min reference lhours lmax l1ow mid !mid min lhigh 
---------- _:!5_!__ _ - ~~-_81_ 124114,15 4000.01 4.01 2.7 1 2.51 4.41 1.01 
-1470 3032.41 1595116,17 8000.01 4.01 5.5i 2.5 1 8.81 1.01 ---------·------------- -- ---~- ---- --- ----
11.0 
21.9 
vol.or rna~ min 
2.01 
1.9· 
4356· 2542.2 1 728117 ,17 10000.01 2.01 13.71 1.3 1 _..::2:..;1.c..9.ci __ ..:.0.:.::.5.:...1 _ _.:.54.c..8:_ _ _c.l.:.::.5 __ 
221 122.01 23 118.19 2190.01 8.01 0.8 4.51 1.3 1 1.01 6.0 0.1 - - ----- ---------
221 142.51 64120.19 1095.01 8.01 ---- -- - ----- ------------- ------- 0.4. __ 4::.:5:::.• ___ ..:.0:.:..7 :...i __ .:..:1 ::;0 1:... ___ 4_.0 ____ 0._1 _ _ _ 
1-------
1- - -- --
1-----
----------- --~5-' -~·_01_ 25 120,21 4380.01 4.01 3.01 2.5 1 4.81 1.01 12.0 ' 0.2! _I_ 
41901 2543.3 1 897120,20 8000.01 4.01 5.51 2.5 i 8.81 1.01 21.9 0.2 I --- --- ·-·- ----- - - '-----'-'----------'-------------- ---- ----· --
~-- _ _Q.Q!_ _ _ 0_1 ___ 1_ 2-'-0000--'_.0.;1. ___ 4._0'-1 ___ 1_3._7_' __ 2_.5c..i ___ 2_1.:.9 _1 __ cci...:.OI'-- 54.8 2.6• 0 
14001 873.01 346122,22 20000.01 4.01 13.7 ' 2.5 1 21.91 1.01 54.8 2.6• 0 -:_-. -=--------~= ~- 1~00:.=...' __ 8:..:.730 ,.0:.;I_-___ :3oc46..::.c:'2:.:2,2=2'---'--2=0..:.000=.0'-'l· __ 8:.:0:.;1 __ ..:.6 . .:.8_1 _ _:_5.:.:.0.:...1 __ _.:...;11.:.::0:~1 _ ___:2::..0:..;1_-_-_-~2~7 ~4~_--_-=4=.0=1 =-- 0 
Ol 0.01 Ol 1000.01 4.01 0.71 3.01 0.91 2.01 1.4 ' 4.01 
_!~~~--~3~~~-!L.-..! 273 1 23,23 I 10000.01 2.01 13.7~--!.~L-~!_---~ - 54.81 __ ---- ~: -
_]l_t_<J__I_~- _125!_:7~09~!!_ __ 936124,24 1- 5oOO.Oj ___ o.L_E~--~ __ E:_~:._ __ -~-~- ____ 2.~. 
221 ' 122.01 _2~1 1R,I9 ___ L_ 2190.0 j __ 3_.0_1 __ 3. .Q!_ --~'--- ~-~ ~- ___ 0.5j __ 12.0.:_ ___ 0.13 1 
2~_1 - 1~2 . 5_,__ -~: 20 , 19 __ _!_000.01 __ 2_.0_1 --~--~ ____ 1.~ !_ - 2.2: 0.5 : _12 ___ Q~ 
---------- 32481 2260.61 1273121,20 4380.01 1.01 12.01 0.81 16.01 0.5 1 24.0. 1.85 
57001 5586.01 5472121,21 10000.01 2.01 13.7' 1.31 21.9 ' 0.51 54.8 0.62 ----------
01 0.01 01 1.01 1.01 0.01 1.01 0.01 1.01 0.0 3 
0 
0 
2132 ' 1507.31 882!22,22 8000.01 1.01 21.91 1.01 21.9 1 1.01 21.9 0 ----------- _ ______ _:::_~:::___:_:_:cc..:.:__~=:.::=--~=---'-c=--=-c---='- ----------------- . 
___________ __:1::;00::.1..::&:..:5::0..:.1_-=20::5:.::2.:...: ___:1:.::8..:.05:.:·::;81'-- -=-1= 5~6-=-0I:.::2:.:5·:.:26:__-,--'-43:..:8:::oo..::.·:.:o~' _ ___:8:::..0:..1 __ ~8.:.:. 0..::1 __ 7.:..:·::;01'--_:.:17..:.:..1 ·c.__....:6::.:.0:::.I _ ___.:I..:.5:..:.o ___ o=--- -=o
1 
__ 2~~·_2_00_kl ____ ~~~~- _2~~0 .:.:0~1 ___ 7cc4..:.10::..1.:::26:~·2::6 _ ___:_4..::3:.:8..:.00:.:·.::.01 _ _ ....:8:.:.:.0:::.i __ .:::8-..:.:...01 __ 7_._0 __ 1 ___ 1_7_.1 __ ; ___ 6._0_! __ 15_.0 ______ 2_: __ 0 
2132. 1507.31 882122,22 50000.01 4.01 34.2: 3.01 45.7 2.01 68.5 41 0 
------- . - ---·--· _ ___ 31_71 ___ 1c..7..:.8_ . .:.5.;_1 ____ 40.:.;1_;_17-'.2:.:7 ___ 5:..;000..:..:.·..:.0,....1 __ 4_;_.0:_1 __ ..:_c3.4 ___ _;;2:.::.5_1 _ ___;5:_.5:. __ __::1.:.::.0:_1 _ __::1.::.3·:_7 __ __::2::. _ _ 
---------------- _ ______ 95_3i ___ 6_07._01 ____ 2:..6:...ci.:...II'-4;.:..1;_5 __ _:_5.:..00:..:0.:.::0c.i. ___ 4 . .:.0.:...1 _ __::3:_.4_, __ _cc2c:_.5_, __ __::5~.50 1, __ _:1.:.:.0_1 _ ___:_1:..:3 . .:..7' _____ _:2:_. __ _ 
______ 8o_OOOc :..;c;_l __ 70_00_ . .Q:_ ___ 6~~-"'12c:.8 =-28:__ __ 1~3..:.00:..:00:=.0cl __ _;;24...;·.:..01:..__;_14-'.8'- __ ...:2.:.4·-=0'-1 __ _.::..14;.:..8:_:_ ..:2:..:4:.:.0.:...1 __ I~ 4.c.·:..8 __ 12• E 
- ------- ____________ __:2:~5=-01_ -- -~·_8 1 __ !.:..70:..:1.:..17cc.l:_7 __ __:5~000.::.:::..0:..1 ___ 4.:.:.0.:..1 __ ;_3._41 __ ...;2:.::.5:.;_1 5.51 1.01 13.7 2 ' I 
- ---------- ----------5_0 __ ~.0_1 __ ...:2:.:0 __ 1lc:.9;.:..19:__ __ .cc8.::.000:.:.:.:.0c:l ___ .:..4·:.::.0:._1 _ __::5~.5:..:'-_..:2.:.::..5 ;_1 _ __::8oc.80 _' _ _:1.:.:.0..::1 __ ___:_10:.:·.:....0 ----~~--- 0 
738 ' 430.81 124120,27 4380.01 4.01 3.01 2.5 1 4.81 1.01 12.0 0.4· 0 
r------- ----- ------ ---
,_:. ____ ---- ____________ 0_1 _ _.:.0 .. ::.0.:...1 _____ 0::.;1 ____ ' _.:::20000:::..:.:.:·..::.0:1 ___ 4:.:.:.0:::.1 _ ___.:1.::.3:.:..7_' _ ___.:2::..5:.~1 _ _:2:.:1.:.:.9 __ 1__ cci...::.O.:...I ___ 5:..4:.::.8:_ ___ 3 0 







873 .:.::.0.:...1 ---=3-'-46=-'-=22"'.2=2-~_2:coooo:.:.:.:.:·::;o1 __ ~8.:.:.o=-1 __ .::6-=-8.:...1 __ 4:.::.5:..:...1 _ _:1:..:2:::.2, ~! __ .::1.=-0.:...I __ 5:..4:.::.8 _ __ ....:4_1 __ :...:o 
0.01 Ol 1000.01 4.01 0.71 2.5 1 1.1 , 1.01 2.7' 4 : 
1 I ' lumen!uni cents/1 004 
- ------~----~-----+-------------------------------------~==.:.=oc~:.::.:.:~~~ 
I lumenhrs.~ min 
1--'1.::.00:::.00::..:::.1_.:.:100,=.00~1 __ 2:...5:...0c..' _ __:2.:.:.5..c.O_I _ __;2._7_1 _ _ 2.41 2.1 !29,27 1000.01 6.01 0.51 3.51 0.81 LO I 2.7 2778 1 1.9 
1 
__ 9:.:0:.::.9:..:1.:..:; _.::.90~.9:...:1.:..' __ _::.:1..::.52o;! ___ ___:_l.:.::..5:.c21:__ __ .:3_;.:..0
7
1 _ ____.:.2.61 2. !129,27 IOOO.Oj 6.01 0.51 3.5 '-i _ _:_0.:.:.8 __ 1____ 1:_.0:_1 ____ .::2 . .:...7' _ _.::.30:.:5..:.6_, _ 1_2_ 
___ 20 1:)() ~- __ _3_0._00_1 __ -'-1.:.:.6 ..:.7' ___ 1.:...6:..:7_1 ____ 6 oc8:....1 _ __ ,·;...c~--7 1 __ ) .:..3;_i 2-'9,-'-27_-.,..--'5-'-000-"-'.0'+i __ .:..6 ccOI ___ 2..:.3_1 ---"3-"-.5-"-l _ __:3:.:..9c,I ___ .:..I ..:.Oc..l ___ 1~3.:...7_· __ .:.:13..:.8.::.89_I __ O:.:.c.4
1 
16.131 16.'13 1 o.80· o.80 I 55 1 54.51 54 i29,1 s 5ooo.o i 6.ol 2.3 1 3.51 3.91 1.01 13.7 17222! oJ ---- _______ _;;:.::.:.::_ _ ::_:..:..;_ __ :..:..;__~ 
13.33• 13.331 0.331 0.331 681 62.71 57127,15 5000.01 6.01 2.3 : 3.51 3.91 1.01 13.7 20833 0.3 
3333.33 • 3333.331 50.001 12.501 141 11.0! 8I30,IR 4000.oi 4.01 2.71 2.5! 4.41 1.01 11.01 81 33.7 
0.671 2391 219:.:.0-;-1 __ ___;1..:.9.:..91...:.19:...:.3:..;1_-+_4000.:_:.:..::.·:.::.0;-l __ 4.:...0:._:1 __ ..:2:.:..7,1 __ 2::..5::.;! __ ..::4.:...4: ~1 __ .:..1..:.0i-l _ _.::..11=-.0=----=3~2::..! ----'8'-'1.4 
5.oo! 1051 84.51 64l2o.2o 4000.ol 4.01 2.71 2.51 4.41 1.ol 11.01 201 12.2 
833.33, 833.331 2.00 ' 
1000.001 1000.001 3.331 
5000.001 5000.001 I 00.001 33.331 0.001 o.o1 o.OOI32.32 1o.ol 4.01 o.ol 3.01 o.o1 2.01 o.o. ss, 182.6 
I price price I price i volume ra volume i I expected ! hrs/day I years hrs/day years 
r---------------~~=---TI :..:.:.:=---~1 .:.:..:._~--~~. ~.:.::..:.TI~.:.::.::.~----:- --f~..:.:.:~~~~~=----'-~~~~=--
,accept lreference 1 lmax mid min tVOiume (cmax !mid lmin !hours !max llow mid mid 
______ 3_, ~~--- _________ 22~--_3_~3.;__25=-:.0cc7 1.:.14..:.,1~5--l-'~ 1.:..1 ..:.8 .:..to:....l...:3+-j---=3.:..85'+l ----'3...:6_0:.:1 ___3:...:3..:.5'-l _::.:13:...:1_400:..:.cl ___ _;_ __ _.:_l O.:...Oc_l ______ _c.l5c.o·O 
--- --~- -- --~~ --~~8:.:23=.c.:l 1:::.6·.:..:17 __ +-=l :8.:.:.8....:.to:..:.:ll.:..:.~t--3=-=2::.o,__l 2:.:8:::.5 :...1 _...:25::..:.01'--:.:13..:.14.:..:00-=l'--- __ ....:.IO.:.:.O:.cl _____ ___:_l.5c:.:.o 
3, 33. 34 31621 21501 1.::13::.9.:.:12:.:.7 ·..:.27:__--!-!4.:..:.2::....:::to....:I..:::O·:.::d ____ 4.:.:2:.:0,....1 __ _.:::27~0..::1 _ __:1::;20'+1 ___.:1.::.3:..1400= ,1 ____ -:---_.:.:1 0:.:.:.0:..1 _____ __:15c.o·o~ 
3.33.34 4355 i 3347 1 2339 117.17 1 11.11 330! 3301 3301 131400_1 __ _,.. ___ lo_.o_, ______ l-=-5.-'-ol 
___ _ __ _ 3.34 42751 2936! 1596l2o.2o 1 1 2201 165 1101 131400! 10.0 ' 15.0 
3.34 4275 1 29361 1596l2o,2o I I 2201 1651 1101 1314001 10.01 15.0 
3.34 4275 1 2936 1 159612o.2o I 1001 1001 1001 1314001 10.01 1s.o 
I I I 
__ .::ll::_: C="ffC:.:':..:U::::•m::::.::M:::.att:.:.:l:.:.l99t\c:.:.:)lc._ __ -J---
32: Simmonds & Mammon (1996) _ _[_ ____ ~ ---'-i. ---:-----'------~'-------------------
33: FridgeMastor (1996) _!_ __ --- -- ---·------- ----------~--- ·--- --- -·-- _ 
-~~f'_o~ !'OO!'I!~uf!~ ~: (199~--
1---
i i 
--~-----r----!----: --------,--- ---------·-- --------
- ·-- -f- · 








operating: -'-'I d'-'-r=-------"0'-=.1~1 ---~-es'-c_ca_,p_= _____ O_I ___ 
7
1_es_c_o_,_p_= _____ O_I _______ C_o_n_nec'-'-"-ti 
min mid max ave powe~ ref. LCC calculations i 
~- ---- ------------- ----- ---~-----------,--------------~--+. --------------1 - .. 
mid max IRJyear Rlyear R/year assumption Rpv max IRpv mid IRpv min 10 pv max10 pv mid iO pv min iM pv ma~M pv mid!M pv min1R pv max 
I · 1, _13_9_1 __ 4_1_91 ___ 7~!_ ____ 2._01 _ __ _ 12.0!__~34'-=8'-1 - ---'1"-90: ___ 44_ 1_ ---'18'-0_11 __ 1_4_:_30'-1 _ _ 9:_:0_1 '-I _ ___ 70'-1 ___ 2--'8 ____ 4_: __ --"9-=-.51 
_____________ , ___ l_c_3_2_· __ 3_98_1 ___ - 2~~ :._ _ _1_:2~- - .!2-~1___-~-- 13 _!_:; : _ _ _;_;19_7_1 __ 3_;_0_::2_;_91'------'2-'-25::_:3;_1 __ 1'-'15_::81 __ ::_:53;_:_0_1 ___ 19_7- ___ 20 _ __ ~ 
f- _ ___::___ _ _:_1:___ __ 5~,2:_' _ 1:_44:___1 _ ___:29_41 ____ ~:_?_!__ ____ JJo< _ __ ll_8_01 _ __ 31_~- ---4-'-l __ 2=-clcc4-=-31'------'l-=25=-c9c:.l __ 5:.cl:_:_9'-l ---=2-=-36-'-l-----4-7 ____ 0 9.5 
_ __:2:..' ---~3 ___ 4_9~1 __ 3_2_7_' -~767' -~, !~--~-~-- 107 131 5291 3901 215 1 41 16 0.0 
1 2' 37 ' 3271 767 1 O.l i 12.01 213 1 134i 441 269 1 201 1 117' 43 20 4 0.0 ----- ----~=------=----------- -------- - --- ___ ;__:_ _ -=.=.; ___ _:::_:_:._;__ _ _:_;;_ _ _________________ _ 
_::_2' __ _;_1 '-'15 ___ ;_5;_6_8_1 __ 1_3561 0.21 12.01 41 1 25 81 3373 i 2085 1 7841 81 ~ I 14.9 
2! 115 • 568 i 1356• 0.2 12.01 2485 1 1103 Ill ' 55181 32161 1009 ~97 · 165 II 14.9 
01 1732! 
4 0 1732 
I 672. 2847 ----------- ---





··--- --·----------------------- -- - ··-------- -
2.61 1.0• 01 o, 01 01 151751 01 01 0· 0• 0.0 
2.6 t 1.0 3801 
4.01 12.01 7291 ----------





2: -W<I02 : 151751 o· 76 16 o 
--- -------·-
--'25'-i--'-3-'-07_9_8_;_1 _ 184'--"5-"21'------'6-=22::.:3ccl __ _;_l4:.::6~1 ·-- - ~6 ____ _2_: 




, , 21 1041 3141 5881 ___ ~L-- __ __ __2_!2 ~ - 242! 11 4285 L __E~L~~-~-~~----------- 14.2 
___ 1:__ 1. 313 377 ' 441 1 _ ~-- ---~~-- ··so l 69 ' 4085 1 3492! 28991 l8 1 12 14.2 
___ z_:_ ___ _]_!_ __ ~~-~ __ 9_1_ _ 192 0.13 ' _ ____ Ii6: _ ~7~ __ ?_:___~7.:_ __ 33~ 1_--~~1_--~- _ _!3_______ _ __ o.o 
------ ~:_- ---~--3~ ___ _:__2_~- --- 192. ~~~:__ _______ __I_?~~-- 1]~: ___ 3_8 :__~_, __ 17_1_ 1001 39 ___ 1_2 ____ -~-- 0.0 
I 2' 561 1660' 3305 1.85 1 1035 1 492: 1291 225181 129871 50401 2071 74 13 14.9 ----- ------------ ---- ----------------------------
___ 1 ________ ___1_~~-2~0~:__-- 9 - 6~ :___ _______ 1483 ~----~~: ___ ~!__ 1606~ !_~1_-~-~- - 14.9 
3• 7 ' 0< 693 1 13~----~-- 01 01 01 41 21 01 01 0 0 0.0 
2: 41 0 693 1 1386o 31 2641 1871 I 091 121401 60701 Oi 53 . 28 II 0.0 ------------------- --- ----------------·----------------- ---------------- -
______ O· ____ 01 0· 01 _ _0_1 _ __ }_:______ 957' 3521 3731 01 Ol 01 191 • 53 37 0.0 
_ ____ o_• _ ___ o_I_~ _ __ II?.~ : ____ }_939~- -- __ 2!______ 39391 1557' 17741 1567.2.!_____2~~ 8462!__~ ___ 23~---- 111 o.o 
01 II 6n 17081 3212 : 41 341 191 I. 30892: 16862! 67061 16, 0. 0.0 
~--- ___ I '----~46,,__• ___ _:_;17--'4_1 ___ _3~2;_ __ _ _ 2 !_ __ ~~~----=22:::9c,l ____ _:_:l 0:_:6,1 ___ _;_I _:_;1 : _ __:_1::_:09'-'1- --~7 _1:_::0_:_1 _ __:3:-=3.::81;__ _ __:46,__. _ __:1:_:6 ____ :___ 6.3 
-- I 46 . 174, 392 ' ----- -----------·----- - 2. :!6.0 688 1 -~3-=60_:_1 __ 7c_:I_' _ __;:_;I0'-'-9-'-I-· _ ___c_7_;_:10_1 __ 3_38 __ 1 ___ 13_8 ___ 5_4_. ___________ 6.3 
I~ ___ _:~o_. __ I94~! __ _!2!!L 1458• 106781 76071 1 50526• 389 255 146. 6.3 
_ __:_.:.:__::;___.:c:_::c:_::~-----'-':_::cc - --------------- --- - --- -- -
01 01 6675 . 100501 14107 
. ·----------- ---- - ---- ---·---- ·---
2: _ 2~'_ __ 18_01__ ___ _:_:12:_;4_1 ___ _;_46:_i _ __:I:_09:_cl _l __ 7_10 __ 1 ___ 33_8 __ 1 ___ 3_6_o ___ 19 ______ 5_· __ _6:~ 1 46• 1741 392 
--- -- - - ---------------- -- - ·-·-
55 116 · 295 0.2 ' 12.0 301 15 • 81 1200< 659 1 341 ' 6• 2 0.0 -------------- ------ -----------------------------------
2. 81 498 1428 0.41 c.:":··~o-' __ ---=.;55:._;4_1 __ 273 · 401 3551 18291 550 ' Ill 41 ~ - 14.9 
01 7221 2771 , 31 ___ L_o: ____ O_I ____ OI ___ O_I __ 20_2_0_1_1 __ 6_3_23_,1 ___ 01 ___ 0;_1 __ __:_0 ____ 0::___ 0.0 
01 7221 2771 : 31 101 83 11 379 i 43 1 112731 4087 / Ol !661 
0' I I ------------------------
41 57 4 0.0 :_~ ___ __:.:.::_ __ ___:_::~ __ ;::_:__:_; 
----~-------'l~j __ 1:_;1~2:_1 _ _:1:_:0:_68:_1 _ __::_32= :1:_:2:;_1 __ --'4-'j ___ :_:IZ::..O'___c_ _ _;_72:_9:_:_1 _ ____:2:_7_:c41 21 153991 733 11 11131 1461 
01 li 112! 593 , 1606! 41 12.01 01 01 01 10151 5881 2571 01 
41 0 ' 0.0 ------ --- -
0· 0· 0.0 
lUmen hours 
- - ' - ------------'--------~--_;,___------J'-----C------------
mid !max 
~--~2=.3:.:.1 __ :.:.2-~7 _1::__ __ 4_;_:.2:_;! _ __:1_;_7.:_:6_1 ___ 3~5-l __ __:o~-06-"'-i------·----=2'-=.6~1 --2=.::.:21 __ _:1_;_:.6c:_i __ __:I:_5-::.0~I _ _.:cl2:.c.6~1 __ _;:_9:_:.6:cl ___ __;:_l:_l __ __:0,__, _ __::0_:' -~3~.2 
2.1 1 2.41 7.01 29.3 i 591 0.101 2.91 2.41 1.61 25.01 21. q 16.01 I I 0- 0 3.2 










,_-_--_ __ _;42"'".6'+1 __ 4:..;,1.~8 1-----=l"-4"-.4'--l _ __:;:13_;;:.8'-'-l ---'-1 ccl.o~l __ ::.6·::.1;.-l __ :.:ll-'-1 __ __:6:.c• __ _:_:l ' ___ -3.:.::-2 
0.41 0.41 0.91 3.81 43.41 37.51 14.61 14.91 11.91 6.61 91 61 I: 3.2 ------
____ __o}_' _ __ ~o:.:.4;_1 _ ___:1_;;:-3::;,_i __ 5:_.3:_l _____ l:_;l_l _ __:co':_02~1 _ _____ 4::.5::._9_i _ _ 4:.:_3_;;:-27! -~15:_.4 __ 1 _~2:_0·:_7:._;1 __ 1:.::6:.:.4:;_I _ ___:9:.:.· :1LI __ ~I:_I1::___~6-'--~2:.:.· __ ~3~-2 
__ _:4:..;_9-_::6:' __ _:.:6:_5.::.5;.-i _ __:6:_:.2:;_: __ 2=.:2:;:..6::;,_i __ 4c_::81 0.016 i 10.81 7.21 2.8 1 109.91 77.3 J 39.91 21 I ' 01 0.0 
12.4i 16.41 30.81 113.21 23~ 1 0.081 1 184.11 144.21 70.01 549.51 386.61 199.51 371 22 
24.11 :.:.35::_.9:_;1 _ __:_:11::..:_1
7
1 __ _:_54.::.:_;_:.9::_1 __ _:-'-l -::.3:.:.1_:_1 _ _:_0-::.0_:_:18:_;1 ______ 8:_:.0_;_:-9_,_1_ 55.6 i 22.5 1 301.41 187.51 n.q 161 81 
7' ~~ 
2: 14.9 





I Units per tcents/litre/day --------------:---~-------:-=I L:::C:::C=-=ca=Jc::;ur:la=ti::' o:.::ns~-"I ___ J.:I R/=200=1i::tres-=- ----- l 
lvol.or 1113lmin I mid !max IRpv max IRpv mid IRpv min lo pv max10 pv mid iO pv min 
-- ~~0_1_ - --- __ __0.0181__ -~08~~---- 0.191 886 j 5751 3731 10681 491 98 
0.063 ' 0.1601 0.31 1 ______ __:_ __ _!__ 1648[ 7301 27 li 17291 -- 887~ _ __ 34_~ 20.0 ' 
20.01 0.031. 0.0691 0.21 1 12191 5151 1691 1181 385 i 172 
------=2-'-'o.-=-o-~ ---_-_- _--_- _· --=-o.'-'-o6-=-=5c:..i _ --- =o-'-'_IJ31 --o_2._-=-o-'-l _ --_____ ~---:-------'-' -__:;:16"-79"1---8:.:.o:.::l Ll ----=-348:._:::_1 _ ,=-=o~84-'l ----=6:.:2::.:7 '_---'3~::.:::58 
20.01 0.8301 2.183 1 4.8.-'-9"--1 -- ---+----+-- - : ______ +, 1 _ __:;:164:.:._8::;1 __ 7:_:0:-=3 ;.-l -=23:_:.7_1 _~27:_:1::_5:_:1· _ _:1:::.21:.::2:::31:______::46~::._:_09 
2o.o1 o.83o t 2.183 1 4.89 1 I 16481 1o31 2371 27151 , 12123 ' 4609 
20.01 0.7951 1.1691 1.541 16481 703 1 2371 8569 64901 4412 
I 
I i ---- -- ----------- ----------------------=---,----------------- -
. ' I ------ ----- ----------·----~-- -- ---+-1 ------,------- ---------- -
. . - - --- - - --------·-------------- ------·----------------
. I I i 
------ __ _t___ _________ ________ :._; ___ r--- ----------
i I -~----'-'-----------------
------------- ----------~-~---:._; ___________ 1 
------------------~----~----------------------- --
---------------'---__;__ _______________ _ 
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Appendix F 
---------------- -~~-- _ _ __ _ ____ L_e _e ------ -----~-e_e ________________ _ 
'!___ _ _ _ _:_1:_~~--~~c:__ __l!.ee __ _J a~o~_~_'!_•_']Y _ _ IL_e_e_ -~ort !Energy !Lee jamort 1energy .Lee ______ _ 
Rlday IMJ/day !R/IOMJ IR!day IMJ/day jRitOMJ jRiday MJ/day 1RJtOMJ 
1------ - -------'--------=-- -'------''--'---L-.::__ _ _ _c__~-'----'--~-'---''-----'---·--"----- --
Rpv mid ' R p v min 1 min mid max min I minima minima 1 mid 1mid 1mid 1 maxima 1 maxima , maxima 
5.1 ' 0.7' 1030.T 1751.3 1 2331.41 0.4 • 5.41 0.8 1 1.41 11.71 1.21 2.81 161 1.8 - ------------· 
15 3.6 5. I , 0.7 ' 2772.9 • 5487.8 1 8038.6 , 0.9 ! 5.1 L7 ' 2.7 1 I 1.1 1 2.41 5.41 r----- ----·---------- --- ---- --- ----------· 
__ __ 5.:.1__ ----~] ___ _13_48_2~3~~-~~:0_I ___ _o.~J_ __ _1_:8_• _ __2Q~ 4. 1: 3.01 2.5 1 6• 4.3 - - ----
0.01 0.01 239 .2 . 528.0 1 791.1 0.2 : L7 0.9 1 1.2: 6.01 2.01 3.1 1 8. 4 .1 ---------- ------------------- - - ----- - ---------------- - ----------





5.61 815 .8 • 2138.6 1 3451.5 . ------------- -- ----
5.6 . 1922.6 5935.0 1 10219.8 . 
. -------
0.0 0.0 ' 15174.9 · 0 .0 1 
0.01 0.0 345 .8 . 16064. 1 41878.4-
0.3 1 5~:_---- ~~L _ ___ J.-'-6 .1 ____ 11_._6i ___ I_A _ I __ ::.:3."-81'--- 12 __ ____ 2_.6 ___ _ 
0.6 1 . _ ?_~6 __ !:!_:_ ____ 2;_.9'-'l ___ lc_l_:.6_1 __ _c2._5:_;_1 _ ___;6;c.:.9c_l__ _12_~ -----
001 ____ 6 _1i~-- _!l_:_~!_ ___ u ___ lc:.5.:::.5_1 _____ ::.:3.-'-l ___ _:o,,.o,_l ~ ~ __ _Q:Q ______ _ 
0.1. 13.3 0. 11 5.01 27.6 o 1.8 1 15 .71 35 • 4 .5 --·------- ----- ------- -·- - -- -- --------------------------- ------------- -
0.01 0.01 6570.9 1 19371.41 32344.0 ----- ---- ---- ----








13.1 2324.6 · 4748.41 7074. 1 
7.4 3849.4 · 4605 .4 . 5369.0 1 --------- --- --
0.0 191.9 466.7' 730.9 
0.0 1 168.2 130.9 1 494.4 --- --·-- -- -----
81.7 6407.9 15332.01 25987 .6 
91.9 7426.6 i 13780.4 1 22085.01 
·- -·------ --------· 
0.01 o.o . 1.8 1 3.61 
1.?.:_. __ 64~ ~----~~ _ 8.2 :~_1 -~~!_ _ __12~ 1 ___ l_.lt-----
1.81 21.6 o 0.9 1 4 .7 1 25 .9 1 1.81 8.81 261 3.4 
0.6 i 5.0 1 1.3 1 1.5 9 .5 1 1.61 2.7 ' 10• 2.6 
---- ------·-- ------ --- ------ ------·- --------
1.1 1 15.6 · 0.7 1 '1.41 15.6 1 0.9 1 1.61 161 1.0 --·----------- ------- -------
0.1 0.8 • 0.9 1 0.3 • 1.7 ' 2.1 1 0.81 2 ' 4.2 
·- --- -- --- ----- - · ·-------- -----
0.1 1.3 0.9 1 0.5 r 2.6 o 1.9 1 1.1 3• 3.8 
·------------·-·--------------- - ----t--------
__ 2._Q! ______ 2_2:_2~-- _0.7' 5.41 34.01 1.6 i 10.41 ~--....3.:2 ----------
2.0 1 13 .9 • 1.5 1 4.3 1 3L6o 1.41 8.3 45 : 1.8 . .... . _- ------------- -- -·-- -------f------·-
_Q.Q!__ --~~~L __ __I.:.~---~--3c!L _ _ .2~L - -~ :__ _ 6_.6 _____ _ 
0.0 • 0.01 893 . 1 7605.2 ! 14325. 11 0.3 1 13 .3 1 0.21 2.4 . 11.1 1 2.2 ! 4.5 1 9 ' 5. 1 -----------------·-----·- ----------------------------"--- ---------------
l--o_.O_I ___ o_.o_,_l_59~.9 ' 1858.61 2243.5 ' 0.61 __ 8_.4_1 __ 0;_.7_' __ -'-o-'.6-'-1 _ _;1_40_:.-'-0I __ _;occ.O:.:.I ___ -'-1"'.2-'-: ___ 8~,1 __ _:1.:..:.4+- -----
7.6 • 0.0 16049.3 1 17657.81 25027.0 1 5 .8 1 20.1' 2.9 1 6.01 117.7 1 0.5 i 12.9 1 921 1.4 ·------ ----------------'-'-'---._:::.:.: __ __:_ ____ ----







1460.2 ' _O_!_: __ _3.::1 __ __::oc:.:.6"-'l- __ ,o,,.c:6 ,• ___ 7:.c.5::.i __ .:o.:::.8cc.l __ c:.:L.:.-'~ I:__ _ _:__:I4 1 ___ 1 __ .o+- --
0.2 ! 2.41 0.91 0.9 1 7.5 1 1.21 2.21 141 1.5 ---- ---·------·---------- ------------'-!----2188 .2 ! 
- o:4_~~7~5 __ ~3_2~,~-'-~5_!l6._6 • __ _32 _5 ' _ __1_!_72:~---~·=2.:...: _ _::_3o::..2::.:_.:.13::.:8:.:2'--.4-'-l--.:.:o·c::2:.. __ 4_1_.7 __ ,___ 15_5_5 _' __ o'-.3'-1- ---
3.4: 0 .4 . 513 .0 · 941.7 1383.3 · 0.2 ! 2.4 ' 0.8 1 0.6 1 7.51 0.81 1.41 141 0.9 ------- -- -- -- ·----------- - - --- ___ .. ___ ... - - -------'=;_ _ _::_:_::; __ _:_:::_ _ _____:::. 
--
__ o_:_o_, --~~--6_2~~- __ i3~._7~ __ o.~ - ~s:__ __ ..:.:o."7 '--l _ __:o:::.3=--'---=5-=.6.:..:1 _ _____:o,~ __ o_.8~ ___ 7 ' ___ ,_.3 _ __ _ 
10.2 : 5.6 684.0 23 10.5 ' 4414.2 : 0.3 1 6.5 • 0.41 1.7 1 14.3 1 1.21 4 .9 1 16o 3.1 ------------- --- -· --- --- - - -----------·--·- ----- ------
- ---~ --- 0.01 0.0 1 -~?._~~ ~~~I~O~-- 0.01 14.7 1 0.01 _ .3:~! __ ~_.6_, __ 0.5 1_ --~~:__ __ 7~- __ 1_.0 _ __ ___ _ 
0.01 0.01 349.9 .2_0~~-1 _ 1_2_83_9]_' __ ~- 1 L_ __ ~·~!__ ___ O_.I_I ____ 2._4_1 __ 18_.4_1 ___ 1.c;.3_1 __ _ .:_8.-'6 _i ___ _:18,_1 __ ~ ____ _ 
0.01 0.01 1459. 1 8245.3 1 16945. 1! 0 .4 1 
0.3 1 
_2_1_.6 __ 1_____ 0._2 1 _ _ __ 3_.3_' ____ 8_I_.O_I ____ o __ .4_1 _____ 9 __ ._7_' ____ __::8.:.6 '_ ----~ -cl _______ __ 
. - ·---·---- -·- ··- --------- ··- -· 
0.0 • 0.0 257.2 , 588.3 1 1014.9 1 36.0 1 0.1 1 1.6 i 65.81 0.21 4.41 371 1.2 
_ _ . - ~d_a]_ __l!_'!!!_n~::,...=d-=IO:.:.:OO.:.:Imli=:..:RI:.::..::da"'y:___'_ .::lm:.:h:.::rs/:.=..:d:=at~-~ d=-:.:IOOO:.:.::.:.::Imh= rs-=---- lumenhou diOOOimh rs 
min 1min min !mid mid tmid imaX 1max 1max 
r ---1._6 i __ __:O:.::.I:___.:.:I2::..0~1-~I--7._:_0 1:__~21.:..:.4_1 ___ _::0·-=0~1 1 ____ 8~00-=-' --~'-=·8.:.._1 ___ 0~.0::.:6~1 --~140.:.0::.:1 ____ ~4.:=6.:.._1 __ 0::.·~14_:_1 __ _:2::.:400~,1 ____ :.::5.~7!-------~ 
1.61 o.u 18.4 1 25.6 1 3J.8 i o.o2 i 13201 1.11 o. Io l 23101 4.21 0.201 39601 s.2 
1.61 0.1 1 60.7 1 79.61%.4 1 o .o21!::.:200:_:c_1 ---=-1.;_;_9 '-1 _...:o..c:.o-=7 r--i --=2:..:too-=>r--l --~3.=3_:_1 _...:o.:.:_,"'3ir--__:.::360:.::.:o~ -----
1-~L_ __ _Q:!_J__ 62.21 73 .6 1 81.&__ o.o21 25ooi o.9 l o .06 I 43751 Ls i 0.11 75001 1.s 
____ !_~ __ ;_0::_·.:.._1• ___ _:_6..:_:7 ·.:.:8 1 __ ___::8_:_7 _:.3.:..cl __ c..I0~3c:.:.2::.1 _ __::0:.::.0~3~1 __ _:6:.:~ ~ ----0~.4~1 __ ___::0.:.:.0c:8 :1 ___ 1:.:0.:.:50~0:.::1 __ :__0::..7~1 __ ___::0__::.1_:_41r--;_1_:8~=.: '-l ____ 0_.8·~--------
-- ...Q:_O_I ___ __ o._o,' __ 4_8_.2_. ___ 8_9 __ .4_ci_ I~6__Ij_ __ Q_.22i 401 50.91 0.07 1 801 89.7 1 0. 15 1 3201 47.0 
o.o i o.o l 405_5 1 627.2 ! 825.4 1 o.11 ' 10001 I7.il--o:5oi--18_7_51,___2_6 __ 8--l·--o-.--98'""1!--6000~'"',--,---'6.4 1---- -
------------------------------------ --------------,----~------~----~----1---_;_;_-'-r----'--+------~ 





0.3 1 0.51 0.6 1 O.o? j 401 182.61 0.1 6 i 45 1 347.8 j 0.271 1201 226.1 
l~-------------------c_on_n_tt_t_io_n _____________ ~j L_e_e __________ rl ----~f-R1_d_a~p_2_00,t_it_~_r_n_d~ger------t------L______ _________ 1 
M pv ma~ M pv midi M pv min1 R pv maxi Rpv mid 1 R pv min I min 'mid 1 max ! minima I mid I max 
_ _ i83_i __ 8~}!_ __ 9H ___ -~L_ __ I ,~-- _:_0 .. -'-7'--1 __:2::_7_0-:2::.6~i_.::29:..:8:.:.1 :c:.8.:..:1__:3:.:644.:..::.· ::.:9 1:____:0::.3::.:7_:_1 _ ___:0.::.5_:4;..l _ __::l.c:OO:I- -- ---------I 
_ __ 12_10~ 109.5 72_1_ _ __ _2:~~-- 1.4 -~ -~~-~~4~_. 2_: __ 4046 __ .4_1 __ 36_8_0._6 ! __ o_.3_I I ___ o_.7_4_:_1 _ I.O-'--I.
1 
___________ _ 
94.0 1 77.2 ! 43 .9 1 2.0 1 1.41 0.7 1 1355.0 1 2613.9 1 2415 .5 1 0. 191 0.481 0.66 - -·---- ·-- ·-- -- --- ---- -- - -----------'--~--'-''----'--+---=-...:.:....-....:c..:..:: ·---'---------1 
___1_39.5 1 120.2 : 90.2 : 2.01 1.41 o.21__32_8--=8'-.4,-l _ 40.::..:9..:.5:.::.5+--l --=-35:..:5:.c4:.::.3;-l _ _:oc.:.3-=8'-l _ _:oc.:.?-=5'--1 _ _:occ:.9..:.71---------------l 
_I37.:.'.L _ __I_05_.4_1 ___ 6_1.5_1 _ __1_ 4_.9_1 __ J~-~---~:.=·6_i ---=6=27.:.cl:.:.:.6:c.l --=.:15:.:.1.:.74.::..o::.;l--=::2=.:88:.:8.:.:9 .'-'-4 i:-----'o".8:..:6_:_1 --=2.'-77:.J.I _ ___:_7:.:.9.:t l ------------l 
127. 1' 105.4 1 61.5 1 ____ 14_.9_1- 10.21 5.61 6271.61 15174.0 1 28889 .4 1 ___ 0_.8_6_,_1 __ 2_.7_7.,_1 ___ 7._91 _ _ ' _____ __ _ 
127. 11 105.41 6L5 i o.o 1 o.o 1 o.o i 6069.3 1 9531.3 1 10292.1 1 o.83 l 1.741 2.s2 
1- -------·--·-
- j_ ---------'--~-------1 --------------1 
i 
---·------- - j l ----: 
---- ---===-=~----1-=-~~-==~=---=-=== 
. - -- --- .. -- ------,------,-------------,-1------------------
- -~ -- ------------,---·-:----,;_ ___ L_____ __ ---------- -
~-------~------'-------rl ___ _j_ _____ _________________ , ' _ j ___ --
- -- --
-~-----------~-------------





Appendix G: Appliance price questionnaire 
From: Steve Thorne 
Energy for Development Research Centre 
Private Bag Rondebosch 
7700 Rondebosch 
Phone: 650 3230 
Fax: 650 2830 
Retailer name: 
Person referred to : Phone no: 
1.1 List the 3 fastest moving refrigerators, name the model (volume), estimate turnover in 
an average mont h r th HP , 1St e pnce, estimate pro JOrtiOn on 
model (volume) numbers/ pnce % on 
month HP 
1.2 List the 3 fastest moving refrigerator/freezers (volumes), name the model, estimate 
t th r t th HP urnover m an average mon , IS e pnce, estimate proportion on 
model (volume) numbers/ pnce %onHP 
month 
1.3 List the 3 fastest moving freezers, name the model (volume), estimate turnover in an 
average mon th r t th · HP , IS e pnce, estimate proportion on 
model (volume) numbers/ pnce %onHP 
month 
2.1 List the 3 fastest moving stoves, name the model (features), estimate turnover in an 
h !" t th . t t rf HP average mont , IS e pnce, es 1ma e propo Ion on 
model (volume) numbers/ pnce %onHP 
month 
.. 
2.2 List the 3 fastest moving hobs/top-cookers, name the model (features), estimate 
turnover m an average mont h 1· h HP , 1St t e pnce, estimate proportion on 
model (volume) numbers/ pnce %onHP 
month 
2.3 List the 3 fastest moving micro-waves/ other cookers, name the model (features), 
f t t · h r t th · t" t · HP es 1ma e urnover m an average mont , IS e pnce, es tma e proportion on 
model (volume) numbers/ pnce %onHP 
month 
3.1 List the 3 fastest moving heaters, name the model (features), estimate turnover in an 
h I. h I1JP average mont , 1st t e pnce, estimate proportion on 
model (volume) numbers/ pnce %on I1JP 
month 
4.1 List the 3 fastest moving water heaters, name the model (volume, kW), estimate 
turnover m an average mont h r h · , 1St t e pnce, estimate proportion on I1JP . 
model (features) numbers/ pnce %on I1JP 
month 
5.1 List the 3 fastest moving lights, name the model (vol ume, watts), estimate turnover in 
an average mont hi' h I1JP , 1St t e pnce, estimate pro portion on 
model (features) numbers/ pnce %on I1JP 
month 
6.1 List the 3 f(,lstest moving fluorescent, name the model (volume, watts), estimate 
· hr h · HP turnover m an average mont , 1St t e pnce, estimate proportion on 
model (features) numbers/ pnce %onHP 
month 
7 others 
model (feature) numbers/ pnce %hire 
month purchase 
8 PI ease d 'b h fi h escn e t e mancmg sc emes, an d terms. 
income level references % duration 
9. Who do you sell to? ........ ... ...... .. ........... ...... .. ..... .... .. .. ...... .. 
10. What's your edge? .......... ... .. .. ................................... .... .. .. 























































Appendix H - cooking 
Freedom TRusseis Dions ~ ~acros 
~ Q~f~ ~~ ~-- ~f~ 62!Q Defy P~~i~ £hef 
Mork.els IHyperam'Tafelberg J<> a~ Masters 
Q~y S 6~J _ !Kelvinator Gas 
!ADC 
I 




jFalkirk Dover no. 6 
-· - -- !·- - _1~9~ - !~4~ 1 ~94~ 
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! un!~~ gfo~~~~ Ufliv~ ~Q4YQ~fy ~limli!l~ 
I - 1s99 r---- -_--4· 194~ 1-3 1649 
__ -- ~ ~stia __ ~~~[K!J~~i!l:~~_r-~0 _ 
- --t= __ _!3l~ --=- ~q~l ~---
I - --- Q!JfY-soi& ~§~miii_i 
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Ql:)fy ~uisin~ S~~are ~I ~ M~!~IJi ~!1~9E 
33 1000 watts -- --·· ·-
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I - ~-- 1~-16 . 21- --
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I. Dover No. 88(smokeless) Defy 131T 
2669 
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Union no. 9 Kelvinator 3691 
1599 
f:: ·- - ! 1~ 1- - - i 
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36 ,25 to 50 I 4? 45 
135 I I 
'j s~?trice l seatrice i<>@.nt ~if1~ Flam~~if1r· 1e 
9? 150 j 25 ~~ 
I I 
Primus (im~orted) I ! 
! 150t 1 1 
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J ________ -=- _!)Umb_e:r~ 
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I volume 
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--- 1-------- 8 
I Hyperama 1ADC I Russels ITafelberj' Day line sales 
: Bosch Rollabout F 130 1 Queen Anne 
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De Longhi 7 fin 




































De Longhi 14 fin 
4951 - . 




De Longhi (blower) 
I :1 - - - -
I 2000 • 
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Appendix H - water heaters 
water heaters : l 
I I I 
Gas Masters I Kwikhot ADC 1 
t - - -- - · -- - - - j 
i gas model Junker (~<2s~~) _ '{allian!~?5[ 
1 1/min ~ !Q 
; pri~~ 9~Q 1 ?QQ 
: num~~rs 10 40 
' I 
I I I ! , gas : ~od~l Valliant (ADc;;) l Valliant I 
! 1/min . 10 1901 .(8.2 kW) ' r· -.- - 1 · - ' - ---- -r · 
, l e.r~~- ' - 120Q r I ~~.QQ i. 




: : i 
I l I 




1 circular 1 OOkPA 
litres [ 100 
10o! 76o 
150 \ 885 







-- -- ~ --=--::- _ ~~oo to ·~Qol ____ _ 
- ---· ---- - -
- - sink_h_~! (1 kW) - . -- i 
-- -- 5or-- -










; A~~ l 
1 in line: t·~ff6Q_ . 
i5.75kW 3 .. 11/mm 
I ' - 1· 

































Appendix H - lights 
light~-----------------------------------::--:------------
Hyperama I Macros ! Dions Value Supi Bellstar Gas Masters 
~~~~~~-- =~~~~--
elec model Phillips Sanji ------· ---- -----------'-----"-'"-------·----·------------·--
___ inc_a_ndesc~~! ____ v_ol_u_m_e _ __ ._5_ ..6_0_w ___ , 5_ .._1 O.c...O::...w_-+-f-5"--*-'-6.:....0w __________ -----------: 
price 14.991 10.6 10.481 __,____ --------------------- 1 
CFLs 
numbers -·-- --- --------·-----·- --------------------
_ -·-· _!!lOd~.!_ __ !Aercu!Y_ __ T_ho.c...r..:..n ____ _ 
volume 6*60w 5*1 OOw 5*100 
_ __E_r~--- __ _:1_~-~-- 11 .591 
numbers 
10.48 --- ------ - - ------------
----------·-------- ------------ -------·-
_cn_~de~-- ~-~~!.!.!)' ___ Thorn ___ _ 
volume 6*1 OOw 5*60w --- -·-- ·-------~..:__~ -------------·----·-- ----
price ______ .!_~~~~---~---
numbers --- . •· --
- - --------- -----=-:----=~-::---o-
_____ _!!lode!_ _ Mercu!Y_ Philips ES Philips~S-=l ___________________ _ 
volume 10w 13w 18w ------- ---------------------. 
price _______ 52.99 · 53.98 ' 58.45 
numbers ------- - - ·-·-- --------------------------------------- ---- -·-· 
- -··--- . ---------,--~----------------------------------
___ _______ m?de~--~erc~ry Philips ES Sanji -----------------·--- ___ _ 
volume 13w 18w 11w 
... --- ·-- ----·----·--------------·--------
-- .. _ _p!~~- - - 54.99 56.99 1 68.39 
numbers 




18w 18w ··--·--- __________ __:_::..:..:... _______________ _ 
62.99 68.39 1 ---- ---------=-==-------------·-----.. 
---------- . ------------------------------------------
'Paraffin model Hazel Lam Coleman (pressure lamp) -------
volume 
1 2 wicks ::;: 3.49 , price 7.99 !199 to 239 
wick holder::;: 5.1 1 numbers 
1--,---------,---·-------------------------,------
Gas model Cadac 
• volume 1 00 CP 
p~e ~ 
r----------L::...::...~-----------------------------------1 
numbers 36 1-- ··-- ..... - _____ __:_c...:c.:_....:....:c_:_ _ 
model Cadac - ------ ·---- ·---·- --------·--·---------------------=:...=.:::.:.:..::. ____ , 
volume 300 CP ____________________________ __:::_:::...:_.=..:._ __ _ 

























! Fre~dom !Joshua Doors 
I 
I 
P:ppendix H - fridges 
~ I 
I I 
~ions Hyperama. l M~~Q Morkl'_ll§ I Taf~lberg 
Ke!vin~tor RQ ~ Fridgemaster !?QC 3~§_ _ Daewoo 120 
335 385l I , 
1 2199 22991 , I 
4? I . 





_ _ I F~iqge~~~ter ~8~ Frid~-em~ster 25S _ gety ~20 _ 1
1
KIC BF 30 
~Oil:!~~ I _ -~~~ 25~ ~?.0 
model 
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